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CHAPTER  1 
INTRODUCTION 

One  of  the  most  sensitive  measures  of  a  change  in  electron  con¬ 
tent  in  the  lowest  portions  of  the  ionosphere  is  the  received  phase 
of  a  VLF  signal.  Such  measurements  have  been  used  fpr  years  to  moni¬ 
tor  sudden  ionospheric  distuibances  (SID)  in  the  lower  ionosphere. 

3 

Phase  differences  equivalent  to  a  change  of  a  few  electrons  per  cm 
or  an  effective  ionospheric  height  change  of  less  than  1  km  can  be 
detected. 

Project  6.11  had,  as  a  requirement,  a  frequency  standard  with 

10 

stabilities  of  the  order  of  a  few  parts  in  10  to  be  used  as  a  time 
signal  source  at  each  terminal  in  the  HF  sounder  program.  These 
standards  were  kept  on  frequency  by  monitoring  the  18-kc  time-and- 
f requency-standard  signal  radiated  from  the  U.S,  Navy  Transmitting 
Station,  NBA,  Balboa,  Canal  Zone.  To  synchronize  the  local-standard 
frequency  with  the  18-kc  signal  from  NBA,  the  received  phase  of  NBA 
was  compared  on  a  day-to-day  basis  with  the  local  standard.  Correc¬ 
tions  to  the  local  standard  wore  made  manually,  based  on  several 
days'  measurements.  The  system  required  for  recording  the  received 
phase  of  NBA  also  contains  data  on  the  change  in  phase  at  the  time 
of  the  Fish  Bowl  events.  This  report  describes  these  measurements. 

Twelve  sites  in  the  Pacific  basin  were  installed  under  Project 
6.11  to  monitor  the  phase  and  amplitude  of  NBA  signal.  These  sites 
and  the  great-circle  distance  from  NBA  to  each  site  are  shown  in 
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frequency  standard.  Since  the  IF  inputs  to  the  two  synchronous  de¬ 
tectors  were  in  quadrature,  the  outputs,  called  X  and  Y,  were: 

Output  X  =  A  Sin  § 

Output  Y  =  A  Cos 

where  A  was  proportional  to  the  amplitude  of  the  incoming  NBA  signal 
and  i  was  the  phase  angle  between  the  incoming  NBA  signal  and  the 
local  standard,  this  phase  comparison  being  made  at  2  kc  in  this 
particular  design. 

The  two  outputs  were  recorded  on  two^  sets  of  dc  amplifiers  and 
simple  Rustrak  recorders.  One  set  of  recorders  ran  continuously  at 
3  inches  per  hour;  the  other  set  ran  at  9  or  18  inches  per  hour  at 
times  of  interest.  Calibration  was  accomplished  by  injecting  a  signal 
at  a  frequency  within  1/2  cps  of  the  signal  from  NBA  and  recording 
the  peak-to-peak  deviation  on  each  of  the  two  recorder  channels. 

This  peak-to-peak  deviation  represents  twice  the  input  amplitude. 

This  calibration  procedure  was  used  at  three  signal  levels  to  ensure 

Wly  one  set  of  recorders  is  shown  in  Figure  1.2.  At  some  sites, 
two-track  recorders  were  used  and  at  others  two  single-track  recorders 
were  used  for  each  set. 

2 

During  normal  operation,  detector  time  constants  of  2  to  4  seconds  were 
used.  During  calibration,  a  time  constant  of  0.1  second  was  used,  thus 
requiring  the  calibration  signal  to  be  within  1/2  cps  of  the  system 
center  frequency. 
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linearity  and  equal  gain  through  the  system  for  both  the  X'and  Y- 
outputs.  Absolute  field -strength  measurements  were  not  attempted, 
although  measurements  were  made  on  the  antenna  and  pre-amplifier  that 
could  be  used  to  determine  field  strength. 

The  output  records  for  3-inch-per-hour  recording  speed  are  shown 
in  Figure  1.3.  The  upper  two  records  are  the  output  recordings  frcm 
a  single-track  recording  system  (two  recorders  per  set);  the  lower 
record  is  from  a  dual-track  recording  system.  Figure  1.3  shows 
several  features  pertinent  to  the  phase  and  amplitude  recording  system 
NBA  transmits  a  0.3-second  pulse  each  second,  with  some  missing  pulses 
toward  the  end  of  each  hour  for  identification  of  time^  With  the 
2-  to  4-second  time  constant  in  the  system,  the  average  amplitude 
(approximately  0.3  of  the  peak-pulse  amplitude)  is  displayed  on  the 
recorder.  From  4  to  7  minutes  past  each  .hour,  NBA  radiates  a  con¬ 
tinuous  signal.  This  key-down  signal  shows  as  a  pulse  each  hour  on 
the  records  in  Figure  1.3.  Following  the  key-down, . no  signal  is 
transmitted  from  7  to  10  minutes  past  each  hour.  This’  key-up  gives, 
a  zero  input  following  each  key-down. •;  By  using  the  key-up  level  as 
zero,  the  amplitudes  at  the  key-dowp- per iods  can  be  seen  t.o  vary  both 
positively  and  negatively.  This  change  ifi.  signal  polarity  is  caused 
by  a  changing  phase  between  the  incoming  NBA  signal  and  the  local  fre¬ 
quency  standard. 

The  amplitude  and  phase  data  shown  in  the  upper  two  graphs  of 
Figure  1.3  can  be  separated  as  shown  in  Figure  1.4,  which  is  an 
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orthogonal  plot  of  the  X  and  Y- outputs  of  the  key-down  times.  The 
amplitude,  A,  which  is  the  distance  from  the  origin  to  the  point  X, 
y ,  is 


2  2  1/2 
A  =  (X  +  Y^)  . 

The  phase,  which  is  the  angle  from  the  positive  X  axis  to 
the  vector  to  the  point  X,  Y,  is 

*  -1  X 

$  =  tan  —  • 


The  hourly  values  of  X  and  Y  obtained  from  the  key-down  signals  are 
shown  in  Figure  1.4  along  with  a  smooth  curve  through  the  points 
and  represent  the  phase-amplitude  behavior  of  the  two  records  shown 
at  the  top  in  Figure  1.3.  No  identification  sequence  was  recorded 
at  1100  GMT  on  7  October.  In  such  cases,  the  signal  was  read  with 
respect  to  a  line  through  the  zero  levels  on  either  side,  and  magnitudes 
were  adjusted  in  the  ratio  of  to  correspond  to  the  other  data. 

For  normal  data  processing,  calculations  of  A  and  $  were  made  without 
the  visual  display  shown  in  Figure  1.4.  For  records  whose  calibra¬ 
tions  showed  a  difference  of  over  10  percent  in  recorded  amplitude 
between  X  and  Y,  Y  was  normalized  to  X  before  calculating  A  and  $. 

Data  to  provide  background  information  were  read  continuously 
from  the  records  gathered  between  1  July  and  mid-November,  wherever 
possible.  Readings  were  taken  from  the  hourly  periods  of  continuous- 
wave  signal  and  referenced  to  the  zero  level  immediately  following, 
in  the  transmitter  sequence  (see  Figure  1.3);  magnitudes  were  read 
in  the  arbitrary  units  printed  on  the  record  tapes.  The  traces  were 


17 


SECRET 


examined  in  the  intervals  between  readings  to  determine  direction  of 
phase  variation.  These  quadrature-component  readings  were  then  con¬ 
verted  to  phase  and  amplitude,  and  plots  were  made  showing  phase 
angle  (containing  both  propagation-phase  variations  and  local-oscillator 
drift)  vs.  Greenwich  Mean  Time  (GMT)  for  consecutive  diurnal  periods. 
Figure  1.5  shows  such  a  plot  of  phase  in  the  upper  graph. 

In  order  to  compare  diurnal  phase  variations  between  respective 
days,  it  was  necessary  to  remove  from  the  phase  data  the  average 
oscillator  drift-slope  for  each  day.  This  was  done  by  assuming  that 
ionospheric  conditions  would  be  repeatable  during  the  hours  near 
midpath  midnight  (0905  GMT  for  the  data  shown  in  Figure  1.5)  and  by 
connecting  the  phase  points  at  this  time  on  each  consecutive  day  by 
a  straight  line  (see  Figure  1.5,  upper  curve).  Theoretically,  such 
lines  should  be  chords  between  points  on  a  parabolic  arc  representing 
oscillator  output,  in  cycles,  vs.  time;  but  as  there  is  some  ionospheric 
effect  at  midpath  midnight  (especially  over  the  northern  paths  in 
summer),  this  method  gives  only  a  first  approximation  of  the  average 

over  each  day.  Whenever  anomalies  occurred  in  any  diurnal 
period  (e.g.,  long  off-periods,  changes  to  receiver  equipment,  or 
nuclear-test  events),  the  method  followed  in  establishing  slopes  for 
that  period  was  to  bypass  the  affected  day  and  re-establish  slope 
variation  on  the  first  day  following  for  which  complete  data  were 
available.  It  was  usually  possible  to  extrapolate  backward  and  forward 
in  time  well  enough  to  estimate  slope  behavior,  unless  the  oscillator 
drift  was  high  (12  cycles  per  day  or  more). 
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Whenever  it  could  be  discerned  that  adjustment  had  been  made  to 
the  frequency  standard  that  was  used  as  the  local  oscillator  for  the 
NBA  receiver,  a  new  slope-variation  pattern  was  sought  and  established, 
if  possible,  in  the  phase  data  for  the  subsequent  period.  It  was 
assumed  that  no  other  occurrence  could  cause  a  change  in  the  pattern 
of  daily  drift-slope  variation. 

In  the  case  of  nuclear  test  events,  it  was  always  possible  to 
work  backward  in  time  to  establish  a  reasonable  drift-slope  variation 
through  the  affected  day,  provided  data  existed.  In  many  cases,  this 
meant  assuming  that  a  one-cycle  phase  advance  occurred  shortly  after 
the  event,  too  rapid  to  be  shown  by  the  data  system.  Whenever  an 
event  occurred  in  close  proximity  to  and  ahead  of  the  midnight  phase 
point,  points  prior  to  H-hour  were  used  to  orient  the  drift-slope, 
unless  the  average  of  the  background  phase-characteristic  curves 
indicated  that  such  a  procedure  was  invalid.  In  the  latter  case,  and 
when  midnight  points  were  taken  a  number  of  hours  after  H,  a  2-day 
average  was  used  to  estimate  the  slopes  for  the  days  affected. 

Once  drift-slope  variation  had  been  established  for  a  number 
of  consecutive  days,  normalized  curves  of  the  diurnal  phase  varia¬ 
tion  from  midpath  midnight  to  midpath  midnight  were  drawn,  by  plot¬ 
ting  the  difference  between  the  raw  phase  points  and  the  average 
drift-slope  at  each  hour  of  the  day.  Diurnal  plots  of  phase, 
as  shown  in  the  lower  curve  of  Figure  1.5,  were  made  for  each 
path,  giving  a  good  indication  of  the  average  diurnal  phase- 
characteristic  curve.  A  typical  diurnal-phase  plot  is  shown  in  the 


19 


SECRET 


lower  curve  of  Figure  1.6.  The  spread  in  phase  values  at  a  number 
of  different  times  of  day  throughout  this  diurnal  phase  plot  gives 
an  idea  of  the  validity  of  assuming  repeatable  ionospheric  effect 
at  midpath  midnight.  Amplitudes  were  also  compared  in  this  manner, 
as  shown  by  the  upper  curves  in  Figure  1.6.  The  gaps  in  the  curves 
are  periods  for  which  no  usable  data  wae  obtained.  Such  plots, 
showing  days  before,  after,  and  including  events  were  made  for 
this  report.  Amplitudes  sometimes  appear  on  these  plots  without 
corresponding  phase  data;  phase  was  considered  invalid  in  such  cases 
because  of  extremely  low  signal  or  because  of  recent  oscillator 
adjustments . 

Records  were  read  in  more  detail  at  periods  near  event  time, 
in  order  to  facilitate  establishment  of  drift-slope  variations 
and  to  show  the  post-event  phase  variations  that  were  resolved  by 
the  system.  These  phase  points  were  added  to  the  raw  data  curves. 

By  following  phase  variation  backward  in  time,  then,  evidence  of 
a  recovery  from  some  advanced  phase-shift  position  was  apparent  in 
many  instances.  If,  in  such  cases,  drift-slope  variation  through 
the  period  affected  by  the  event  could  only  be  made  to  fit  the 
proper  oscillator-drift  pattern  by  assumption  of  a  large  post¬ 
event  phase  advance,  the  phase -characteristic  curves  were  adjusted 
accordingly,  and  the  shift  was  incorporated  into  the  raw  data  at 
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H  +  0  minutes. 

Plots  of  raw  phase  detail  were  then  made  on  an  expanded  time 
scale,  normalized  to  the  drift-slopes  established  as  discussed 
above,  and  compared  to  the  diurnal  phase  curves  for  the  period 
immediately  surrounding  the  time  of  the  event.  Whenever  the  nor¬ 
malized  diurnal  phase  characteristics  taken  within  a  week  of  the 
event  showed  an  average  grouping  for  the  hours  of  interest  (H  -  1 
to  H  +  3  hours),  a  median  curve  was , selected .  The  difference  between 
this  median  background  curv.e  and  the  normalized  phase-detail  curve 
for  the  event  was  then  plotted,  to  show  the  deviation  in  phase  from 
normal  caused  by  the  event.’  These  p'hase-deyiatibn  curves  are  not 
labeled  .as  such;  any  detail  phase  curve  that  is  unlabeled  repre¬ 
sents  the  'Change  from  normal  phase -variations  that  is  caused  by  the 
particular  eVenf.  , In  a  few  instances,  it  was  possible  to  establish 
reaspnabie  drift-slope  variationin  spite,  of  irregular  appearance  of 
thfe  diurpal  characterist.ic  .curves,  Put  comparison  of  event  effects 

Important  Npte:.  The  terms  H  .-  0  and  H  +  0'minutes,  used  throughout 
this  report,,  refer  to- the  last  point  of  a  record  trace  recognizable 
as  being-  before  .the  event  and  to  the  first  point  that  is  definitely 
after  the  event,  respectively,  the  average  response  time  of  the  data 
system  used  was  near  0.2  minute,  so  that  dat&  correlate  within  about 
■±0.-2  minute  among  the.  records  from  the  different  sites  and  within 
about  +0,'l  minute  of  real  time  in  each  separate  instance. 
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with  background  curves  did  not  seem  valid  because  of  such  irregular 
behavior.  Such  phase-detail  data  are  shown  with  the  local  standard 
drift  removed  and  are  labeled.  Normal ized  Phase.  A  third  class  of 
detail  phase  curves  is  presented.  These  represent  periods  for  which 
very  few  data  other  than  those  showing  the  immediate  effects  of  the 
event  are  available,  so  that  it  was  not  possible  to  establish  a  drift- 
slope  for  the  day  of  the  event.  These  curves,  showing  data  based 
on  the  minimum  of  evidence  in  the  form  of  the  data  obtained  directly 
from  the  X-and  Y-records,  are  labeled  Raw  Phase.  When  a  phase  advance 
is  shown  on  one  of  the  Raw  Phase  detail  plots,  it  has  usually  been 
inserted  by  the  analyst  in  lieu  of  his  other  choice:  that  of  showing 
a  retardation  in  phase  caused  by  the  event.  Readers  should  be  cautious 
of  accepting  these  as  representing  evidence  on  a  par  with  other  data 
presented,  although  there  are  a  few  exceptions  which  will  be  explained 
in  the  discussion  of  the  events. 

Diurnal  amplitude  data  and  detailed  amplitude  data  without  nor¬ 
malization  are  shown  for  each  event.  Key-down  values  are  reduced  to 
0,3  amplitude  for  direct  comparison  with  non-key-down  data.  The 
amplitude  data  are  presented  to  show  the  change  in  amplitude,  and  not 
absolute  values. 

The  data-reduct ion  method  outlined  above  was  used  to  obtain 
background  data  for  the  entire  period  1  July  through  16  November  1962 
and  to  obtain  more  detailed  data  showing  variations,  if  present, 
through  the  event  times  indicated  in  Table  1.1.  If  records  taken  at 
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event  time  showed  no  abnormal  variation,  detailed  investigation  was 


not  made,  but  drift-slope  variation  was  checked  for  consistency. 

The  results  obtained  for  the  periods  of  interest  are  presented  in  the 
following  sections,  in  the  order  of  events  shown  in  Table  1.1. 

-  The  discussion  of  results  assumes  the  following  general  approach: 

(1)  Diurnal  Amplitude  data  are  presented  for  a  number  of  days 
in  the  event-related  period.  Scales  are  shown  with  each  of 
these  curves,  but  they  are  relative  to  individual  system 
parameters,  and  should  not  be  used  for  any  quantitative 
comparison  between  sites  or  events. 

(2)  Diurnal  Phase  data  are  presented  for  the  same  period  as 
amplitude  data.  The  phase  curves  have  been  normalized  to 
the  daily  average  oscillator  drift-slope  to  allow  comparison; 
the  scales,  in  radians,  are  oriented  to  the  drift-slope  as 
zero.  Phase  advance  is  shown  in  a  negative  direction. 

(3)  Amplitude  Detail  is  presented  for  a  140-minute  period  at 
event  time.  Scales  shown  are  the  same  as  those  shown  for 
diurnal  amplitude  data.  Variations  in  the  data  are  discussed 
in  reference  to  pre-event  conditions,  with  the  pre-event 
level  called  unity. 

(4)  Detailed  Phase  data  are  also  presented  for  the  140-minute 
period  at  event  time.  In  discussion  of  details,  phase  changes 
are  described  in  reference  to  pre-event  conditions,  that  is, 
the  change  in  radians  from  pre-event  value.  The  scale,  in 
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radians,  has  an  arbitrary  zero  reference;  phase  advance  is 
shown  as  a  negative  shift.  Phase  detail  plots  are  shown 
in  one  of  three  forms: 

(a)  Phase  Deviation  represents  the  difference  between 
the  event  data  and  an  average  of  the  characteristic 
curves  during  the  event-related  period.  Strict  compari¬ 
son  cannot  usually  be  made  between  these  curves  and  the 
diurnal  phase  curves  for  the  same  period.  These  plots 
represent  phase  change  with  respect  to  average  back¬ 
ground.  They  are  not  labeled  in  the  figures. 

(b)  Normal Ized  Phase  plots  have  been  used  when  deviation 
comparisons  could  not  be  made.  These  curves  represent 
data  in  the  same  form  as  used  in  the  diurnal  phase 
plots  and  are  labeled. 

Phase  data,  presented  when  no  usable  background 
data  was  obtained,  are  shown  to  demonstrate  the  presence 
of  event  effects.  Variation  in  these  curves  includes 
the  oscillator  drift. 


TABLE  1.1 


FISH  BOWL  EVENT  NAMES  AND  TIMES 
Name  Date  Time  GMT 


Star  Fish 
Check  Mate 
Blue  Gill 
King  Fish 
Tight  Rope 


9  July 
20  October 
26  October 
1  November 
4  November 


0900:09 

0830:00 

0959:48 

1210:06 

0730:00 
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Figure  1.1  NBA  receiver  sites  for  Fish  Bowl,  showing 
great-circle  propagation  paths. 
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Figure  1.2  IS-kc-system  block  diagrams. 


Figure  1.3  Rustrak  strip-chart  records  of  18-kc  signal. 


variation  on  7  October  at  Canton, 
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Figure.  1.5  Processed  data  plot  form. 


RELATIVE  FIELD  STRENGTH 


TfHt  - -  hyiiri 


Figure  1.6  Diurnal  amplitude  and  phase  comparison  p] 
consecutive  days  in  July  at  Okinawa. 
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CHAPTER  2 
STAR  FISH 

2.1  GENERAL 

For  the  Star  Fish  event  on  9  July  1962,  records  were  obtained 
at  all  sites  shown  in  Figure  1.1  except  Fairbanks,  Okinawa,  and  Raro¬ 
tonga.  Data  wore  obtained  at  the  remaining  nine  sites,  with  all  sites 
noting  effects  of  the  event.  Figures  2.1,  2.2,  and  2.3  show  diurnal 
phase  and  amplitude  data;  Figures  2.4  through  2.8  show  phase  and 
amplitude  details  from  20  minutes  before  until  2  hours  after  the 
event.  (Figures  are  given  at  the  end  of  the  section.  The  order  of 
presentation  has  no  significance.) 

The  Star  Fish  event  occurred  at  0900:09  GMT  on  9  July  1962. 

Ground  sunrise  at  NBA  was  at  0949  GMT,  so  that  for  some  50  minutes 
after  the  event  all  paths  were  in  darkness.  From  0904  to  0907,  NBA 
transmitted  a  CW  signal,  then  was  off  from  0907  to  0910,  a  sequence 
repeated  at  hourly  intervals.  For  the  remaining  time,  NBA  was  trans¬ 
mitting  time  pulses  with  a  0.3  duty  cycle. 

2.2  PALO  ALTO 

The  diurnal  amplitude  and  phase  variations  of  the  NBA  signal  as 
received  at  Palo  Alto  are  shown  in  Figure  2.1  (top).  Three  consecutive 
days  about  the  event  day  are  represented.  For  the  NBA-to-Palo  Alto 
path,  midnight  was  taken  to  be  at  0800  GMT,  about  one  hour  late.  The 

amplitude  curves  show  good  conformity  with  a  slight  diurnal  variation, 
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being  higher  through  the  morning  hours.  The  spread  at  1300  is  un¬ 
explained;  however,  ground  sunrise  at  Palo  Alto  occurs  at  about 
1300  (MP.  On  the  day  of  the  event,  amplitude  was  slightly  high  just 
prior  to  the  event,  was  attenuated  significantly  at  event  time, 
recovered  to  normal  within  a  few  minutes,  and  remained  essentially 
normal  throughout  the  day. 

The  diurnal  phase  curves  show  fairly  close  conformity  if  the 
phase  change  at  the  event  is  assumed  to  be  as  shown.  The  curve  for 
10  through  11  July  is  close  to  an  average  for  the  period  near  the 
event.  The  event -day  phase  curve  does  not  deviate  significantly 
from  normal  except  for  the  period  H  to  H  +  30  minutes,  when  it  under¬ 
goes  an  abnormal  advance.  The  diurnal  phase  data  shown  in  Figure  2.1 
tend  to  indicate  that  the  midday  change  in  phase  is  reduced  on  event 
day  and  has  partially  returned  on  the  following  day.  However,  the 

data  at  Palo  Alto  for  Star  Fish  are  very  limited,  and  such  conclusions 
must  be  doubted. 

Phase  deviation  and  amplitude  details  at  Palo  Alto  are  shown  in 
Figure  2.8  for  the  period  around  event  time.  An  erratic  variation 
occurs  in  both  curves  just  prior  to  H  (event  time);  this  is  probably 
attributable  to  noise.  In  terms  of  average  amplitude  level  prior  to 
H,  the  amplitude  curve  shows  immediate  attenuation  to  0.5  at  H,  and 
further  rapid  decrease  to  0,25  at  H  +  0.5  minute.  An  immediate 
increase  follows,  before  H  +  1  minute,  to  a  comparative  level  of  0.5; 
there  is  another  decrease  from  that  point  at  H  +  1.5  minutes  to  0.25 
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of  the  pre-event  level.  This  second  minimum  in  the  amplitude  corre¬ 
sponds  to  the  rapid  phase  advance  crossing  zero,  as  shown  on  the  phase- 
deviation  curve.  Amplitude  level  then  increases  very  rapidly  to  0.75 
at  H  +  4  minutes,  where  constant  level  is  maintained  through  H  +  1 
hour.  There  is  a  slight  Increase  by  H  +  2  hours.  The  signal  amplitude 
is  essentially  at  normal  level  after  H  +  10  minutes. 

The  phase*deviation  curve  shows  an  apparent  slow  retardation 
from  H  to  H  +  1.5  minutes  of  about  O.lit.  At  H  +1.5  minutes,  an 
immediate  advance  of  0.3jt  occurs,  and  continues  to  0.6jt  by  H  +  4 
minutes.  After  the  off-period,  phase  is  recovering  from  O.Tit  at  H  +  10 
minutes  to  normal  by  H  +  1  hour,  at  a  gradual  rate. 

2.3  MIDWAY 

The  diurnal  phase  and  amplitude  data  for  NBA  as  received  at  Midway 
are  shown  in  Figure  2.1  (bottom)  for  three  consecutive  days  about  the 
event.  Midpath  midnight  is  at  0800  GMT.  Both  the  amplitude  and  phase 
curves  show  consistent  agreement  in  diurnal  variation,  though  data 
are  sparsely  distributed.  The  amplitude  curve  for  9-10  July  (event 
day)  averages  higher  than  normal  for  the  hour  before  the  event. 

There  is  a  large  attenuation  at  H,  immediate  partial  recovery,  another 
period  of  attenuation  near  H  +  30  minutes,  and  recovery  to  normal 
level  near  H  +  1  hour;  then, signal  level  follows  diurnal  variation 
for  the  remainder  of  the  day. 

The  phase  curve  for  9-10  July  had  been  oriented  to  show  an  ad¬ 
vance  of  almost  one  cycle  at  H,  bringing  the  curve  into  near  coinci- 
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dence  with  the  background  by  H  +  3  hours,  and  showing  close  corre¬ 
spondence  with  the  normal  diurnal  variation  for  the  remainder  of  the 
day.  Sunrise  effect  predominates  over  event  effect  by  H  +  2.5  hours. 

Details  of  phase  deviation  and  amplitude  around  Star  Fish  event 
time  at  Midway  are  shown  in  Figure  2.7.  Referenced  to  the  pre-event 
level,  amplitude  shows  an  attenuation  to  0.5  immediately  at  H;  it 
decreases  further  to  less  than  0.1  at  H  +  1  minute,  and  to  about 
0.05  at  H  +  2  minutes.  There  is  a  general  increase  to  about  0.5 
at  H  +  6  minutes,  where  the  level  remains  until  after  H  +13  minutes. 
Gradual  attenuation  to  0.2  at  H  +  25  minutes  follows;  then, signal 
level  increases  slowly  toward  0.9  at  H  +  2  hours.  Recovery  to  normal 
level  has  essentially  occurred  by  H  +  1.5  hours. 

The  phase -deviation  curve  in  Figure  2.7  shows  an  advance  of  1.8n 
at  H,  and  rapid  recovery  from  there  to  about  l.Ort  at  H  +  13  minutes. 
Recovery  is  checked  at  1.0«  until  H  +  25  minutes,  then  continues 
gradually  through  0.8rt  at  H  +  1  hour  and  0.6n  at  H  +  2  hours,  becoming 
complete  by  about  H  +  3  hours. 

2.4  KAUAI 

The  diurnal  phase  and  amplitude  data  for  three  consecutive  days 
about  the  Star  Fish  event  time  for  Kauai  are  shown  in  Figure  2.2 
(top).  The  curves  show  good  agreement  in  both  cases,  except  for  a 
few  hours  of  the  day.  Midpath  midnight  is  taken  as  occurring  at  0900 
GMT.  Diurnal  effects  shown  in  the  amplitude  data  are  slight,  with  the 
signal  exhibiting  greater  variations  during  the  hours  of  darkness. 
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The  event-day  amplitude  curve  ;ihows  large  attenuations  at  H  and  H  + 

30  minutes  with  apparent  recovery  between,  and  low  signal,  on  the 
average,  from  H  to  H  +  3  hours.  There  Is  considerable  scattering  of 
the  readings  in  the  interval  H  +  1  to  H  +  5  hours. 

Phase  points  on  the  event-day  curve  are  scattered  following  the 
event.  The  phase  advance  of  event  time  persists  until  the  sunrise 
effect  at  about  H  +  4  hours.  The  phase  variation  approaches  normal 
by  H  +  6  hours,  although  it  appears  to  show  some  advance  over  normal 
until  H  +  14  hours. 

Figure  2.5  shows  details  of  phase  deviation  and  amplitude  through 
the  Star  Fish  event  at  Kauai.  With  respect  to  the  pre-event  level 
(average),  the  amplitude  undergoes  attenuation  to  about  0.5  at  H; 
at  H  +  2  minutes  it  increases  rapidly,  reaching  about  1.0  by  H  +  4 
minutes,  then  continues  more  gradually  until  it  reaches  1.15  by 
H  +  7  minutes.  From  H  +  10  minutes,  when  signal  reappears,  until 
H  +  30  minutes,  the  level  drops  from  1.0  to  0.4,  then  rises  gradually, 
on  the  average,  through  H  +  2  hours. 

The  initial  phase  advance  appears  to  be  in  two  stages:  Immediately 
at  H,  the  phase  advances  by  0,8n;  there  is  a  pause  there  for  about  1 
minute;  then  another  rapid  advance  follows,  to  1.4it  at  H  +  4  minutes. 
This  second  phase  advance  is  accompanied  by  the  amplitude  increase 
at  H  +  2  minutes.  There  is  a  gradual  recovery,  starting  at  H  +  2 
minutes,  to  a  phase  advance  of  0.8n  at  H  +  25  minutes.  Another  advance 
follows  to  1.2n  at  H  +  40  minutes;  final  recovery  begins  from  there, 
appearing  very  gradually. 
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2.5  SOUTH  POINT 


The  diurnal  phase  and  amplitude  variation  of  NBA  as  received  at 
South  Point  is  shown  in  Figure  2.2  (bottom)  for  three  consecutive 
days  about  the  Star  Fish  event.  Midpath  midnight  is  at  1000  GMT. 
Amplitude  on  event  day  shows  a  large  attenuation,  and  a  final  recovery 
in  the  first  3  hours  after  the  event.  The  average  during  this  time 
is  below  the  diurnal  trend  of  the  background  signal  amplitude;  it 
becomes  quite  high,  compared  to  the  background,  between  H  +  3  and 
H  +  7  hours,  apparently  an  enhancement  of  sunrise  effect.  Signal 
level  begins  to  follow  the  usual  diurnal  trend  by  about  H  +  12  hours, 
but  the  spread  in  data  makes  the  time  indefinite. 

The  diurnal  phase  curves  show  closer  grouping;  a  phase  advance 
is  evident  from  H  to  H  +  11  hours,  obscuring  the  normal  sunrise  effect. 
Data  are  missing  from  H  +  15  to  24  hours,  but  conditions  seem  normal 
both  before  and  after  that  period. 

Details  of  amplitude  and  phase  deviation  near  event  time  for  South 
Point  are  shown  in  Figure  2,4,  With  reference  to  the  average  value 
before  H  as  unity,  amplitude  decreases  abruptly  at  H  to  about  0,3, 
returns  more  gradually  to  about  1.0  by  H  +  7  minutes,  and  decreases 
gradually  fron  1.0  at  H  +  10  minutes  to  0.15  by  H  +  1  hour,  when  final 
recovery  begins. 

The  initial  phase  change  seems  to  be  in  two  stages;  Phase  devia¬ 
tion  advances  by  about  1.2jt  by  h  +  1  minute,  pauses  there  for  1  minute, 
then  shows  a  further  advance  to  l.Sjt  at  H  +  3  minutes.  This  position 
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is  held  until  H  +  5  minutes;  then^there  is  a  gradual  recovery  to  1.4rT 
at  H  40  minutes,  another  advance  to  1.8tt  by  H  +  70  minutes  (too 
early  to  be  sunrise  effect),  and  a  very  slow  final  recovery  lasting 
from  then  until  H  11  hours. 

2.6  VITI  LEVU 

The  diurnal  variations  of  phase  and  amplitude  are  shown  in 
Figure  2.3  for  three  days  about  the  event  at  Viti  Levu.  The  day 
after  event  is  not  shown;  the  data  were  very  doubtful,  showing  a 
reversed  phase  characteristic.  Midpath  midnight  is  at  1000  GMT. 

The  amplitude  data  are  so  spread  that  no  diurnal  variation  is  readily 
apparent.  The  amplitude  curve  around  the  time  of  the  event  is  below 
the  expected  level.  At  event  time,  there  is  a  sudden  attenuation 
and  an  early  return  to  about  the  pre-event  level.  There  is  attenua¬ 
tion  again  at  about  H  +  3.5  hours;  this  may  be  sunrise  effect. 

The  diurnal  phase  curves  show  more  conformity  than  do  the  ampli¬ 
tude  curves,  but  much  scattering  is  evident.  In  the  phase  curve  for 
9  July,  an  advance  of  one  cycle  has  been  inserted  at  H  to  establish  a 
consistent  local- standard  drift-slope.  The  deviation  from  H  until 
H  +  4  hours  is  considerable,  obscuring  any  diurnal  effect.  Phase 
does  not  return  to  its  normal  diurnal  characteristic  until  about 
H  +  10  hours. 

Phase  deviation  and  amplitude  details  at  Viti  Levu  are  shown  in 
Figure  2.4.  With  the  pre-event  average  level  as  a  reference,  the  signal 
amplitude  shows  attenuation  to  0.4  by  H  +  0.5  minute,  with  a  further 
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drop  at  H  +  1  minute,  reaching  a  minimum  of  about  0.2  by  H  +  4  minutes. 
By  H  +  15  minutes  a  comparative  level  of  about  0.75  is  reached.  This 
approximate  level  is  maintained  toward  H  +  2  hours,  with  a  rising 
trend  then  becoming  apparent. 

Phase  change  is  in  three  stages,  apparently.  There  is  a  phase 
advance  of  2.6it  immediately  after  H,  pausing  there  for  0.5  minute,  then 
a  very  rapid  phase  advance  to  a  total  of  3.2jt  at  H  +  1  minute,  followed 
by  another  0.5-minute  pause,  and  finally  a  rapid  advance  to  a  total 
of  3.511  at  H  +  4  minutes.  There  is  a  rapid  recovery  between  H  +  4 
and  H  +  7  minutes,  to  2.6it,  At  H  +  10  minutes,  there  is  a  gradual 
advance,  reaching  2.9jt  by  H  +  40  minutes,  followed  by  a  slight  re¬ 
covery  at  H  +  50  to  65  minutes  and  a  gradual  advance  lasting  until 
H  +  5  hours. 

2.7  TUTUILA 

Diurnal  variation  is  not  shown  because  of  the  many  gaps  in  the 
data.  Fortunately,  there  was  good  agreement  for  the  hours, around 
the  event,  so  that  comparison  could  be  made  for  the  detail  curve  of 
phase  deviation.  Phase  deviation  and  amplitude  details  for  Tutuila 
are  shown  in  Figure  2.5.  The  phase  curve  shows  an  advance  of  1.2it 
at  H,  a  slight  recovery  to  l.lit  between  H  +  7  and  H  +  15  minutes,  a 
gradual  advance  to  1.4n  by  H  +  45  minutes,  and  a  very  slow  recovery 
from  that  point,  remaining  at  almost  constant  deviation  through  H  +  2 
hours.  Recovery  is  apparently  complete  by  H  +  7  hours. 
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Amplitude  changes,  referenced  to  the  pre-event  average,  show  an 
attenuation  to  0.35  between  H  and  H  1  minute,  a  gradual  decrease  to 
0.15  by  H  +  5  minutes,  a  very  slow  recovery  from  0.35  at  H  +  10 
minutes,  reaching  normal  level  by  H  -f  65  minutes,  after  which  the 
curve  follows  the  normal  diurnal  variation. 

2.8  CANTON 

For  the  Star  Fish  event,  data  on  the  received  signal  from  NBA 
at  Canton  were  very  sketchy, so  that  diurnal  behavior  and  local  standard 
drift  could  not  be  determined.  Amplitude  and  raw  phase  details  are 
shown  in  Figure  2.6.  Referenced  to  the  pre-event  average  level,  the 
amplitude  curve  shows  attenuation  Immediately  at  H,  to  0.3,  drops  to 
less  than  0.1  at  H  -t-  1  minute,  returns  to  0.3  at  H  -i-  3  minutes,  and 
falls  again  to  0.15  at  H  -t-  5  minutes.  There  is  a  gradual  increase 
to  0.4  by  H  +  55  minutes,  after  which  data  were  lost  until  H  +  90 
minutes.  Signal  is  at  the  same  level  when  next  seen,  and  rises  to 
about  1.0  by  H  +  2  hours,  this  being  approximately  the  pre-event 
signal  level. 

The  phase  does  not  advance  appreciably  until  H  +  1  minute.  The 
H  +  0  reading  that  corresponds  to  the  sudden  signal  attenuation, 
indicates  a  0.04^  retardation.  A  rapid  advance  of  l.en  is  recorded 
at  H  +  1  minute.  (These  phase  data  are  assumed  to  be  an  advance, 
otherwise  the  data  would  show  phase  retardation  of  0.4^.)  Rapid 
partial  recovery  is  shown,  to  1.2Tr  at  H  +  3  minutes,  followed  by  a 
continuously  advancing  phase  to  more  than  2tt  by  H  +  1  hour.  After 
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the  break  in  signal  recording,  phase  was  apparently  beginning  to  re¬ 
cover,  but  was  still  advanced  by  more  than  2)t. 

2.9  WAKE 

At  Wake^ there  were  several  local -frequency-standard  adjustments 
a  few  hours  prior  to  the  Star  Fish  event,  so  at  event  time  the  local 
standard  was  too  unsettled  to  allow  a  reasonable  estimate  of  drift- 
slope.  The  slope  is  only  known  to  be  positive,  and  is  probably  less 
than  0.2jt  radian  per  hour.  Therefore,  the  phase  data  from  NBA  re¬ 
corded  at  Wake  are  presented  in  raw-phase  form.  Details  of  amplitude 
and  raw  phase  are  shown  in  Figure  2.6. 

The  phase  of  NBA  shows  a  very  rapid  advance  of  O.Sit  from  H  to 
H  +  1  minute,  very  slight  recovery  between  H  +  11  and  H  +  12  minutes, 
to  about  Q,2n,  then  gradual  recovery  from  H  +  12  minutes  through 
H  +  2  hours.  It  is  Impossible  to  tell  when  phase  returns  to  normal  in 
these  data,  but  it  has  certainly  done  so  by  no  later  than  H  +  7  hours 
and  possibly  as  soon  as  H  +  1  hour. 

In  terms  of  the  level  prior  to  H,  amplitude  decreases  immediately 
at  H,  by  H  +  1  minute  has  reached  0.25,  where  it  remains  until  H  +  4 
minutes,  then  increases  slightly  to  about  0,3  at  H  +  7  minutes.  The 
level  is  seen  to  be  decreasing  gradually  after  the  off-period  (H  +  10 
minutes)  to  a  minimum  of  0.1  at  H  +  40  minutes.  Thereafter,  the  average 
level  remains  low  until  H  +  7  hours. 
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2 . 10  ROI-NAMUR 


The  phase  deviation  and  amplitude  detail  data  from  Roi- Namur 
are  shown  in  Figure  2.7.  The  background  phase-characteristic  curves 
for  the  week  of  the  event  are  very  irregular  throughout  most  of  the 
day,  showing  phase  to  be  retarded  at  noon  in  some  cases.  The  drift- 
slope  variation  is  reasonable,  however,  and  the  background  is  consis¬ 
tent  for  about  4  hours  either  side  of  midpath  midnight  (0900  OilT) , 
so  that  it  was  possible  to  arrive  at  phase  deviation  for  the  detail- 
phase  curve. 

Amplitude  variation,  relative  to  the  average  pre-event  level, 
shows  attenuation  at  H  +  0  to  0.15,  remaining  constant  at  that  level 
from  H  +  0  to  H  +  3  minutes.  There  is  a  return  in  amplitude  to  0.5 
by  H  +  7  minutes.  A  rather  slow  decrease  begins  at  about  H  +  25 
minutes,  to  about  0.3  by  H  +  45  minutes.  The  low  level  near  0.3  is 
maintained  as  an  average  until  H  +  5  hours,  but  there  are  a  number 
of  fades  between  H  +  2  and  H  +  5  hours .  Signal  appears  normal  by 
H  +  6  hours. 

Phase  deviation  advances  by  2n  at  H,  then  remains  essentially 
constant  until  H  +  7  minutes,  and  has  not  changed  appreciably  after 
the  off-period.  Partial  recovery  starts  at  H  +  16  minutes,  returning 
to  1 .6tt  at  H  +  20  minutes.  After  H  +  25  minutes,  the  phase  gradually 
returns  to  normal  by  H  +  5  hours. 
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2.11  SUMMARY 


The  NBA  phase  and  amplitude  recordings  at  nine  sites  during  the 
Star  Fish  event  show  some  general  characteristics  and  some  individual 
phenonena  unique  to  a  particular  location.  The  general  features  are 
probably  fact,  while  some  of  the  individual  differences  may  or  may 
not  be  real,  due  to  their  magnitude  being  near  the  minimum  readable 
signal. 

There  was  an  immediate  phase  advance  at  all  sites  except  Canton 
and  Palo  Alto.  This  phase  advance  reached  its  maximum  in  one  step  at 
Roi  Namur,  Wake,  Midway,  and  possibly  Tutuila.  At  South  Point  and 
Kauai, there  were  two  stages  of  phase  advance^ and  at  Viti  Levu, there 
were  three  stages  of  phase  advance,  all  occurring  within  3  minutes 
after  the  event.  At  Canton  the  major  phase  advance  occurred  1  minute 
after  the  event.  At  Palo  Alto  the  phase  advance  was  delayed  until 
1.5  minutes  with  an  additional  slower  advance  lasting  to  4  minutes. 
These  delayed  phase  advances  at  the  various  sites  appear  to  be  time 
related.  Recovery  of  phase  in  general  takes  at  least  6  hours.. 

Amplitude  of  the  received  signal  from  NBA  showed  an  Immediate 
attenuation  at  event  time  at  all  sites.  This  attenuation  lasted  in 
general  less  than  4  minutes  before  recovery  started.  At  South  Point 
and  Kauai,  amplitude  recovery  was  complete  by  4  minutes,  followed, 
possibly,  by  a  second  gradual  attenuation  of  signal.  At  the  other 
sites,  the  recovery  at  4  to  10  minutes  was  partial,  followed  by  a 
gradual  recovery  in  amplitude. 
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Figure  2.1  Diurnal  amplitude  and  phase  at  Palo  Alto  and 
Midway,  Star  Fish. 
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SOUTH  POINT 
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Figure  2.2  Diurnal  amplitude  and  phase  at  Kauai  and  South 
Point,  Star  Fish. 
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VITI  LEVU 
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Figure  2.3  Diurnal  amplitude  and  phase  at  Viti  Levu^ 
Star  Fish. 
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Amplitude  and  phase  detail  at  Kauai  aiv 


Amplitude  and  phase  detail  at  Canton 
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e  2.7  Amplitude  an< 


CHAPTER  3 


CHECK  MATE 


3.1  GENERAL 

The  Check  Mate  event  occurred  at  0830  GMT,  on  20  October  1962. 
Records  were  obtained  from  all  twelve  sites;  eleven  showed  effects 
of  the  event,  Fairbanks  being  the  exception.  Figures  3.1  through 
3.4  show  diurnal  amplitude  and  phase  data  for  the  event-related 
period.  Figures  3.5  through  3.10  show  details  of  amplitude  and  phase 
variation  near  event  time.  (All  figures  for  the  Check  Mate  event 
are  at  the  end  of  this  chapter.) 

The  hourly  off-periods  for  the  NBA  transmitter  are  not  shown 
on  the  curves,  because  the  first  one  after  the  event  was  at  H  +  37 
minutes,  when  variation  in  the  data  was  less  pronounced  than  in  the 
first  20  minutes  following  the  event.  Ground  sunrise  at  NBA  was  about 
1108  CMT. 

3.2  OKINAWA 

The  diurnal  phase  and  amplitude  variations  of  the  received  NBA 
signal  at  Okinawa  are  shown  in  Figure  3.1  (top)  for  five  days  asso¬ 
ciated  with  the  event  period.  Four  consecutive  days  are  shown, 
beginning  with  the  day  before  the  event.  Midpath  midnight  was  taken 
at  1100  QIT,  but  it  is  evident  from  the  spread  in  the  phase  curves 
that  ionospheric  conditions  were  not  undisturbed  in  the  hours  near 
this  selected  midnight.  This  is  to  be  expected  on  such  a  long 
northern  path.  51 
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The  amplitude  data  show  good  agreement  at  all  hours  of  the  day. 
An  appreciable  attenuation  is  apparent  in  the  event  curve  at  event 
time.  Recovery  to  normal  signal  level  is  early,  near  H  +  30  minutes; 
and  the  curve  follows  the  recorded  diurnal  variation  throughout  the 
rest  of  the  day.  A  phase  advance  of  l.Sjt  occurred  at  event  time. 

A  two-day  average  was  used  to  obtain  the  drift-slope  on  event  day 
and  the  day  before  event.  The  event-day  curve  shows  a  large  deviation 
from  normal  until  about  H  +  6  hours  and  returns  to  normal  by  H  +  7 
hours. 

Details  of  phase  deviation  and  amplitude  at  Okinawa  are  shown  in 
Figure  3.6,  Amplitude,  compared  to  the  average  level  before  H,  falls 
Immediately  to  less  than  0.1,  then  rises  abruptly  to  0.35  at  H  +  0.5 
minute.  There  is  no  appreciable  change  from  there  to  H  +  3  minutes; 
then^the  level  decreases  again  at  H  +  5  minutes  to  0.1,  recovering 
from  that  point  to  0.7— which  is  about  normal— at  H  +  10  minutes. 

This  normal  level  is  essentially  maintained  through  H  +  2  hours. 

The  phase-deviation  curve  shows  an  advance  of  l.Sjt  at  H,  very 
rapid  partial  recovery  to  1.4n  at  H  +  2  minutes,  and  another  more 
gradual  advance  to  1.7n  by  H  +  10  minutes.  There  is  slight  scattering 
of  the  points  during  the  period  of  low  signal.  A  gradual  recovery 
follows,  to  1.2jt  by  H  +  33  minutes.  A  comparison  of  the  Okinawa 
phase  data,  presented  in  Figures  3.1  and  3.6,  shows  the  effect  of 

removing  normal  phase  behavior  from  the  data  to  obtain  the  effects 
due  to  the  event. 
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3.3  MIDWAY 


The  diurnal  phase  and  amplitude  variations  of  the  NBA  signal 
received  at  Midway  are  shown  in  Figure  3.1  (bottom)  for  three  con¬ 
secutive  days  about  the  Check  Mate  event.  Midpath  midnight  is  at 
0800  GMT.  The  diurnal  amplitude  curves  show  excellent  correspon¬ 
dence,  although  signal  level  is  relatively  low.  A  slight  diurnal- 
variation  pattern  is  evident.  There  is  definite  attenuation  at  the 
event,  but  the  effect  is  not  great  and  of  short  duration,  less  than 
15  minutes . 

The  phase  curves  show  some  spread,  but  agreement  from  day  to 
day  is  still  good.  The  low  signal  level  causes  some  scattering  in 
the  phase  readings.  A  very  rapid  phase  recovery  is  notable  in  the 
event-day  curve,  which  approaches  normal  near  H  +  2  hours,  and 
probably  returns  to  diurnal  variation  before  H  +  5  hours,  since 
behavior  near  H  +  4  hours  is  in  doubt.  There  is  a  possibility  that 
phase  deviation  between  H  and  H  +  2.5  hours  is  more  drastic  (by  one 
full  cycle)  than  that  shown,  since  the  variation  near  H  +  4  hours 
is  in  doubt.  Evidence  does  not  seem  to  indicate  that  a  phase 
shift  of  more  than  one  cycle  occurred,  however. 

Figure  3.5  shows  details  of  phase  deviation  and  amplitude  at 
Midway  for  the  Check  Mate  event.  There  is  a  small  immediate  decrease 
in  signal  level  at  H  to  0.7  of  its  pre-event  value,  followed  by  a 
gradual  increase  to  the  former  level  by  H  +  20  minutes,  and  to  about 
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I.»  tl...  the  Joneer  level  h,  H  t  2  houre.  The  level  le  ewentlelly 
normal  after  H  +  15  minutes. 

The  phase-deviation  curve  shows  an  advance  at  H  of  about  l.ln 
and  almost  immediate  partial  recovery  to  O.Git  at  H  +  2  minutes. 
Thereafter,  phase  recovery  is  more  gradual,  reaching  0.4n  at  H  +  10 
minutes.  The  deviation  then  remains  about  constant  through  H  +  1.5 
hours  except  for  a  alight  retardation  at  H  +  28  minutes  to  0.3n, 
and  advance  to  0.45jr  at  H  +  35  minutes.  By  H  +  2  hours  a  gradual 
advance  has  begun,  which  continues  to  H  +  2.5  hours,  when  data  were 
lost.  Phase  has  become  normal  by  H  +  4.5  hours. 

3.4  KAUAI 

The  diurnal  phase  and  amplitude  variation  of  the  NBA  signal 
received  at  Kauai  are  shown  in  Figure  3.2  for  three  consecutive  days 
about  the  Check  Mate  event.  Midpath  midnight  is  taken  at  0900  GMT. 
There  is  excellent  agreement  among  the  readings  in  both  sets  of  curves 
for  most  hours  of  the  day,  but  amplitude  is  in  some  disagreement  near 
midnight.  The  amplitude  data  show  a  clear  diurnal  effect.  No  event 

effect  is  readily  apparent,  as  the  spread  in  readings  makes  comparison 
doubtful. 

A  two-day  average  was  used  to  estimate  the  drift-slope  for  19-20 
October  and  20-21  October  (0. In/hour),  since  there  was  scatter  in 
the  readings  taken  for  2  hours  prior  to  the  event.  The  curve  drawn 
before  H  is  an  average  of  the  readings  taken.  This  method  causes  the 
event  curve  to  shift  slightly  upward  from  normal  prior  to  H,  but  the 
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effect  is  compensated  for  in  the  phase -deviation  plot  (Figure  3.6). 

The  agreement  among  the  phase  curves  is  surprisingly  good  after 
1500  GUT.  After  the  initial  advance  and  recovery  within  40  minutes 
after  H,  the  event  produced  no  pronounced  effect. 

Details  of  phase  deviation  and  amplitude  at  event  time  are  shown 
in  Figure  3.6.  Recording  levels  were  low  between  H  -  5  and  H  +  5 
minutes.  The  amplitude  curve  shows  an  Increasing  trend  through  the 
scatter  of  readings  until  H,  then  a  decreasing  trend,  (to  the  H  -  10- 
mlnute  level)  by  H  5  minutes.  Signal  level  is  about  constant  between 
H  +  5  and  H  +  20  minutes,  then  increases  to  1.5  times  the  H  -  10- 
mlnute  level.  The  phase-deviation  curve  is  an  average  of  scattered 
points  (lO.lTT)  between  H  -  6  and  H  +  3  minutes.  It  shows  an  advance 
of  about  O.err  at  H,  rapid  recovery  to  about  0.3^  by  H  +  3  minutes, 
and  no  change  from  there  to  H  5  minutes.  Phase  then  recovers 
gradually  to  normal.  Diurnal  effect  becomes  apparent  after  H  +  1.5 
hours . 

3.5  TUTUILA 

The  diurnal  phase  and  amplitude  variation  of  the  NBA  signal 
received  at  Tutuila  are  shown  in  Figure  3.2  (bottom)  for  the  Check 
Mate  event,  for  event  day  and  the  day  after.  Midpath  midnight  is  at 
1000  GMT.  Recording  level  is  low  on  these  records,  except  in  the 
hours  near  noon.  The  diurnal  amplitude  data  show  some  agreement, 
and  diurnal  effects  are  readily  apparent,  but  it  is  impossible  to 
evaluate  well  the  behavior  of  the  event  curve  between  H  -  30  minutes 
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and  H  +  1.5  hours.  The  average  level  through  this  period  is  low 
before  and  after  H,  rises  near  H  +  30  minutes,  falls  to  about  the 
previous  low  level  near  H  +  1  hour,  and  rises  to  about  the  level  of 
the  following  day  near  H  +1.5  hours. 

There  is  better  agreement  between  the  two  diurnal  phase  curves. 
The  21-22  October  curve  is  fairly  representative  of  the  diurnal 
characteristic  for  the  weekly  period  near  the  event;  the  event  data 
follow  it  closely  after  H  +  1  hour.  Slight  phase  advance  is  shown  at 
H,  but  the  moat  significant  effect  is  a  retardation  near  H  +  30 
minutes. 

Details  of  phase  deviation  and  amplitude  are  shown  in  Figure  3.9, 
The  amplitude  curve  shows  considerable  scatter  in  the  readings,  attri¬ 
butable  to  low-level  recordings.  There  is  possible  evidence  of 
attenuation  after  H.  However,  on  the  average,  signal  level  remains 
at  approximately  the  pre-event  level  for  the  period  shown. 

The  phase-deviation  curve  shows  an  apparent  advance  of  O.ln 

between  H  and  H  +  1  minute,  but  it  could  well  be  a  result  of  scatter 
in  the  readings. 

A  significant,  gradual  retardation  shows  between  H  +  2  and  H  +  20 
minutes,  to  a  maximum  deviation  of  0.5n.  Slow  recovery  takes  place 
from  that  point  until  H  +  65  minutes  when  phase  is  essentially  normal. 
The  rates  of  change  of  slope  and  drift  rates  for  these  data  make  it 
impossible  to  assume  a  2n  phase  advance  at  H  that  the  system  would 
not  have  followed. 
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3.6  CANTON 


The  diurnal  amplitude  and  phase  of  the  NBA  signal  received  at 
Canton  for  three  days  around  the  time  of  the  Check  Mate  event  are 
shown  in  Figure  3.3.  Midpath  midnight  is  0800  QIT.  The  diurnal 
amplitude  curves  show  a  pronounced  diurnal  effect  after  local  (midpath) 
noon,  and  there  is  reasonable  conformity  among  the  three  curves.  A 
slight  attenuation  shows  after  H  in  the  event  curve;  another  larger 
attenuation  shows  near  H  +  30  minutes;  and  signal  appears  low  until 
H  +  5  hours.  However,  there  is  no  marked  effect  as  is  seen  in  data 
for  other  events. 

The  diurnal  phase  curves  show  closely  grouped  readings  through¬ 
out  much  of  the  day,  in  spite  of  sparse  data.  A  one-cycle  advance 
was  inserted  at  the  event  to  bring  the  drift-slope  for  event  day  into 
correspondence  with  those  of  the  background  days.  Scatter  is  evident 
in  the  readings  for  the  first  hour  after.  H,  but  the  curve  evidently 
shows  abnormal  phase  advance  until  H  +  8  hours.  The  diurnal  effect 
is  evident  in  the  data  after  H  +  4  hours. 

Details  of  phase  deviation  and  amplitude  are  shown  in  Figure  3.5 
for  a  period  of  2.5  hours  about  the  Check  Mate  event.  Signal  levels 
are  low  on  the  record  for  this  period,  and  time  resolution  is  poor. 

The  amplitude  detail  shows  no  definite  pattern  through  the  event; 
it  indicates  only  a  gradual  general  attenuation  to  about  0.5  of  the 
pre-event  level,  which  lasts  until  H  +  1.5  hours,  when  the  signal 
level  begins  to  increase  toward  normal.  The  accuracy  of  the  readings 
is  poor  until  about  H  +  1  hour. 
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The  phase-deviation  curve  shows  a  rapid  advance  of  about  1.8ic 
between  H  and  H  +  2.5  minutes.  There  is  a  ±0.2n  scatter  in  the  read¬ 
ings,  due  to  the  small  signal  level.  An  average  through  the  curve 
shown  should  be  assumed  for  the  phase  variation.  There  is  indica¬ 
tion  of  a  fairly  rapid  partial  recovery  after  H  +  3  minutes,  to  about 
l.On  by  H  +  40  minutes.  The  data  are  more  accurate  by  H  +  40  minutes 
and  show  a  further  phase  advance,  more  gradual  now,  to  1.4k  by  H  -i-  2 
hours.  Near  H  +  3  hours,  there  is  an  apparent  partial  recovery,  which 
seems  to  show  diurnal  effect.  The  normal  conditions  are  reached  by 
H  +  8  hours. 

3.7  VITI  LEVU 

The  diurnal  phase  and  amplitude  variations  for  the  NBA  signal 
received  at  Viti  Levu  are  shown  in  Figure  3.4,  Five  consecutive  days 
about  the  Check  Mate  event  are  represented.  Midpath  midnight  is 
1000  OTT.  There  is  poor  agreement  among  the  amplitude  curves,  although 
a  diurnal  variation  is  clearly  evident.  There  is  a  large  attenuation 
in  the  signal  level  at  H,  followed  by  early  recovery.  Comparison  with 
an  average  normal  amplitude  curve  for  this  period  would  probably  be 
meaningless. 

The  diurnal  phase  curves  show  excellent  agreement.  The  drift- 
slope  variation  through  the  period  has  been  established  without  doubt, 
and  the  slope  is  not  extreme  (4.8  cycles  per  day).  Since  there  is  no 
evidence  for  assuming  a  one-cycle  phase  advance  at  H,  the  event 
curve  has  been  drawn  to  show  phase  retarded  by  the  event,  an  anomalous 
effect.  Recovery  to  normal  occurs  within  2.5  hours  after  H. 
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Details  of  phase  deviation  and  anplitude  at  Viti  Levu  are  shown 
in  Figure  3.9.  Amplitude  falls  abruptly  to  about  0.8  of  the  pre-event 
level  at  event  time.  Average  signal  level  seens  to  have  recovered 
fully  by  H  20  minutes. 

The  phase-deviation  curve  shows  a  retardation  of  0.4rT  Irmnediately 
at  H,  rapid  recovery  to  0.2tt  at  H  -i-  2  minutes,  and  then  further  retar¬ 
dation  to  about  0.9TT  at  K  -f  20  minutes.  (Scatter  of  d^.OSTT  is  evident 
in  the  readings  until  H  -i-  10  minutes.)  Final  recovery  begins  by  H  +  35 
minutes  and  continues  gradually  through  H  -(■  90  minutes,  when  phase 
Is  essentially  following  the  normal  diurnal  pattern. 

3.8  SOUTH  POINT 

There  were  only  15  hours  of  usable  data  available  from  South  Point 
in  a  five-day  period  about  the  Check  Mate  event.  These  were  consecutive, 
beginning  at  H  -  30  minutes  on  event  day,  As  a  result,  phase  data 
are  shown  In  the  raw  form,  with  corresponding  amplitude,  in  Figure  3.7. 
These  are  the  only  curves  of  South  Point  data  shown  for  the  event. 

The  amplitude-detail  curve  of  Figure  3.7  shows  an  enhancement  at 
H,  to  about  2.0  times  the  pre-event  level.  In  terms  of  the  average 
pre-event  level,  signal  varies  from  2.0  at  H  +  0,  decreasing  to  1.6 
by  H  +  5  minutes.  The  level  is  approximately  constant  from  H  +  5 
to  H  +  70  minutes,  except  for  a  drop  to  0.8  at  H  +  30  minutes,  when 
the  record  shows  extremely  erratic  signal  which  is  averaged  on  the 
plot  in  Figure  3.7.  There  is  a  decrease  to  pre-event  level  at  H  +  1.5 
hours,  followed  by  a  gradual  return  to  1.6  by  H  +  2  hours. 
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The  raw  phase  dath  include  oscillator  drift  that  is  probably 
less  than  -0.4rt  radian  per  hour,  so  it  is  reasonable  to  assume 
that  the  variation  after  H  +  1  hour  represents  phase  recovery.  A 
phase  advance  of  0.7rt  has  been  assumed  to  occur  at  H  (in  lieu  of 
a  retardation,  and  in  keeping  with  the  effect  shown  at  Kauai). 

There  is  rapid  partial  recovery  in  phase  through  O.Sjt  at  H  +  1 
minute.  Little  change  is  apparent  from  H  +  7  to  H  +  25  minutes,  with 
slight  retardation  near  H  +  30  minutes,  and  an  advance  from  H  +  30 
to  H  +  40  minutes.  By  H  -t-  50  minutes,  there  appears  to  be  a  very 
alow  recovery,  which  continues  through  H  +  130  minutes. 

3.9  WAKE 

The  data  available  for  Wake  for  the  Check  Mate  event  are  limit¬ 
ed  to  3  hours  on  event  day.  Only  the  details  of  amplitude  and  raw 
phase  are  shown  (Figure  3.7),  because  it  was  Impossible  to  determine 
a  drift-slope  for  event  day.  The  phase  data  show  an  assumed  advance 
between  H  and  H  +  1  minute  of  about  0.9jt,  and  a  further  less-rapid 
advance  to  1.4ff  by  H  -t-  8  minutes.  Phase  remains  approximately 
constant  from  there  to  H  +  50  minutes,  except  for  a  slight  retarda¬ 
tion  at  H  +  10  minutes.  There  is  apparent  recovery  after  H  +  1 
hour,  continuing  until  data  are  lost  at  H  +  2.5  hours. 

The  amplitude-detail  curve  shows  a  large  attenuation  at  the 
event.  With  respect  to  the  pre-event  level,  the  variation  is:  a 
very  rapid  decrease  to  0,15  at  H  +  0.5  minute,  a  rapid  recovery  to 
0.7  at  H  +  10  minutes,  another  decrease  to  0.5  by  H  +  16  minutes. 
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and  a  gradual  general  recovery  throughout  the  rest  of  the  period 
shown . 

3.10  RAROTONGA 

Only  22  hours  of  NBA  data  were  available  from  Rarotonga  around 
the  Check  Mate  event  time,  so  no  diurnal  comparison  was  possible. 

The  event  occurred  in  the  middle  of  the  recording  period.  A 
^rift-slope  of  +0.6it  radian  per  hour  was  estimated  from  the  appear¬ 
ance  of  the  phase  data,  and  phase  was  normalized  to  this  slope. 

The  normalized  phase-detail  curve,  with  corresponding  amplitude, 
is  shown  in  Figure  3.8.  The  normalized  phase  curve  shows  a  rapid 
retardation  beginning  at  H  and  continuing  through  0.4jt  at  H  +  5 
minutes,  then  very  gradual  retardation  to  a  maximum  of  0.5n  at 
H  +  33  minutes.  There  is  a  very  gradual  advance  from  that  point 
through  H  +  2  hours.  It  is  possible  that  a  phase  advance  of  one 
cycle  occurred  at  H,  but  since  no  evidence  was  available  to  indi¬ 
cate  such  behrvior,  the  retardation  effect  is  shown. 

The  amplitude  curve  in  Figure  3.8  shows  a  slight  change 
through  the  event  and  an  abrupt  increase  at  H  +  0.5  minute,  followed 
by  a  rapid  decrease  at  H  +  1  minute  to  0.7  of  the  pre-event  level. 
Recovery  is  complete  by  H  +  4  minutes.  — 

3.11  PALO  ALTO 

The  effect  of  the  Check  Mate  event  on  the  NBA  signal  received 
at  Palo  Alto  was  slight,  no  appreciable  deviation  in  amplitude  or 
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phase  being  apparent,  except  within  a  tew  Minutes  of  the  event, 
ftftiy  detailed-aeplitude  and  nonialized.phaae  curves  are  shown 
(Figure  3.8).  Diurnal  anplitude  and  phase  show  no  event  etfect 
beyond  the  iHsediate  event  period.  The  aaplitude-detail  curve 
shows  significant  attenuation  between  B  and  H  -t-  1  ninute,  to  about 
0,18  of  the  pre->event  level.  There  is  a  very  rapid  recovery  to  the 
pre-event  level  at  H  +  2  minutes,  and  a  very  gradual  increase  from 
there  throughout  the  rest  of  the  period  shown.  The  level  is  essen¬ 
tially  normal  for  the  entire  day,  except  for  the  interval  from  B 
to  B  ■I'  2  minutes. 

The  normalized  phase  curve  shows  a  slight  advance  at  event 
time  of  0.2Jt,  in  conjunction  with  the  attenuation  in  signal  level 
(there  is  a  scatter  in  the  readings  prior  to  B  almost  this  large, 
tO.OJjt,  and  the  curve  drawn  is  an  average  of  these  data  until 
B  -  0>.  The  change  in  phase  at  event  tine  miid^t  be  the  result  of 
scattered  readings,  but  the  scatter  in  data  is  very  small  after  B. 
There  is  no  appreciable  deviation  from  normal  in  the  entire  period 
shown. 


3.12  IDl-NAIVR 

Fewer  than:  5  hours  of  NBA  data  are  available  from  Soi-Kuntr 
for  the  day  of  the  OMck  Mate  event,  but  they  are  consecutive  around 
the  event.  The  variations  in  these  data  are  shown  in  detail  in 
Figure  3.1D.  Phase  is  plotted  in  the  raw  form.  It  is  not  possible 


to  estiMte  the  oscillator  drift-slope.  The  raw-phase  curve  shows 
a  suspicious  step-like  variation  (no  equipaent  Malfunction  is  noted, 

**  and  the  record  seeas  normal):  the  i^se  angle  is  seen  at  0  before  H, 

advances  to  it  at  H,  remains  constant  to  R  -t-  4  minutes,  and  then  is 
4  lost.  When  the  signal  returns  at  B  +  21  minutes,  the  idiase  ai^le 

is  2k,  and  it  does  not  vary  appreciably  for  over  an  boor.  The  phase 
data  after  H  21  minutes  could  be  plotted  starting  at  aero^  since 
there  is  no  way  to  determine  its  relative  posit !<»  with  the  few 
data  available.  Similarly,  a  phase  retardation  could  be  shown 
following  the  event.  A  gradual  phase  advance  finally  occurs  after 
B  -t-  1.5  hours. 

The  detailed  amplitude  curve  shows  reasonable  variaticm.  At 
B, there  is  an  inmediate  attenuation  to  0.5  of  the  pre-event  level  and 

wf 

a  further  decrease  to  0.14  at  H  +  4  minttes.  Signal  is  lost  at  B  ■f'  5 
minutes;  it  reappears  at  H  +  21  minutes  at  0.14.  The  amplitude  then 
t  increases  to  0.5  B  ^  35  minutes  and  remains  comstamt  at  that 

level  uatil  B  +  70  minutes.  By  B  -i-  1.5  boors,  the  signal  amplitude 
has  returned  to  0.0. 


3.13  SQIIMABT 

For  the  Check  Kate  event,  data  were  collected  at  event  tine 
at  twelve  sites.  All  sites  except  Fairbanks  observed  event -associated 
effects.  A  review  of  the  Fairbanks  data  shows  a  possible  small 
disturbance  at  (M30  GKF,  but  its  validity^  is  in  quest iom  since  the 
record  contains  mai^  similar  disturinnces  at  other  times. 
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The  recorded  amplitude  of  the  received  NBA  signal  during  the 
Check  Mate  event  gave  no  clear  Indication  of  a  pattern  in  the 
observed  effect.  All  stations  show  a  disturbance  at  event  time, 
but  this  disturbance  is  small  and  results  in  short-term  variations 
both  as  attenuations  and  enhancements  of  signal  level. 

Phase  variations  for  Check  Mate  show  phase  advances  for.paths 
into  the  northern  or  event  area,  with  a  return  to  normal  in  1  or 
2  hours.  Canton,  Palo  Alto,  and  Okinawa  show  phase  advances  that 
persist  for  several  hours,  with  Palo  Alto  showing  the  smallest 
event-associated  effect  and  Okinawa  showing  the  largest.  The  three 
southern  or  conjugate-area  stations  show  an  unexpected  phase  retarda- 
tion,  reaching  a  maximum  at  H  +  20  minutes  and  returning  to  normal 
Within  2  hours.  Evidence  of  the  phase  retardation  has  persisted 
through  all  attempts  in  data  analysis  to  force  the  data  to  show  a 
phase  advance.  In  addition,  a  comparison  of  the  maximum  retardation 
at  Tutuila  and  Viti  Levu  is  consistent  with  propagation  path  lengths. 

The  Check  Mate  event  occurred  at  0830  GMT.  Ground  sunrise  at 
NBA  occurred  at  1108  GMT,  giving  over  1.5  hours  before  any  part  of 
any  path  was  in  daylight.  In  general,  event  disturbances  were 
recovered  before  sunrise  (H  +  1.5  hours),  except  for  Canton  and 
Okinawa  which  returned  to  normal  at  about  8  hours. 


«4 


SECRET 


Figure  3.1  Diurnal  amplitude  and  phase  at  Okinawa  and  Midway 
Check  Mate. 
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Figure  3.2  Diurnal  amplitude  and  phase  at  Kauai  and  Tutuila 
Check  Mate. 
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Figure  3.3  Diurnal  amplitude  and  phase  at  Canton,  Check  Mate 
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Diurnal  amplitude  and  phase  at  Viti  Levu,  Check  Mate. 
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Figure  3.6  Amplitude  and  phase  detail  at  Okinawa 


gure  3.7  Amplitude  and  phase  detail  at  South  Point  and  Wake,  Check 
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Amplitude 


Figure  3.10  Amplitude  and  phase  detail  at  Roi-Namur, 
Check  Mate. 
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CHAPTER  4 


BLUE  GILL 

4.1  GENERAL 

For  the  Blue  Gill  event  on  26  October  1962,  data  showing 

effects  of  the  event  were  obtained  at  nine  sites;  Canton  showed 

no  effect,  and  Fairbanks  and  Rarotonga  records  were  unreadable  at 
event  time. 

Figures  4.1  through  4.4  show  the  diurnal  phase  and  amplitude 
data  for  event  day  and  selected  background  days.  Figures  4.5 
through  4.9  show  phase  and  amplitude  details  from  20  minutes  before 

until  2  hours  after  the  event.  (All  figures  are  given  at  the  end 
of  this  chapter.) 

The  Blue  Gill  event  occurred  at  0959:48  GMT.  Ground  sunrise 
at  NBA  occurred  at  1108  GMT.  From  1004  to  1007,  NBA  transmitted  a 
key-down  (CW)  signal;  it  was  off  from  1007  to  1010.  For  the  re¬ 
maining  54  minutes  of  each  hour,  the  duty  cycle  was  0.3. 

4.2  OKINAWA 

The  diurnal  amplitude  and  phase  variation,  ol  the  reeelved  »BA 
slghal  at  Okinawa  for  three  eonseeutlve  day.  ending  with  that  of  the 
Blue  Gill  event,  plus  the  .eeond  day  after  the  event,  are  shown  In 
Figure  4,1.  The  fltst  day  afterward  Is  not  shown,  because  adjust¬ 
ment  to  the  oscillator  disrupted  phase  data,  Hldpath  midnight  Is  at 
1100.  The  amplitude  curves,  though  relatively  low,  show  a  fairly 
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uniform  pattern  without  gross  diurnal  effect.  The  event  effect  is 
seen  as  a  definite  attenuation,  followed  by  an  early  return  to  normal 
level. 

The  phase  curves  of  these  days  are  very  similar.  Unfortunately, 
no  data  were  available  for  the  period  H  -i-  2  to  H  +  6  hours,  so  the 
phase  advance  at  H  had  to  be  assumed  (this  was  done  in  preference  to 
showing  a  retardation  of  O.Sir  at  H)  to  bring  the  effect  into  some 
conformity  with  that  observed  on  the  Palo  Alto  path  (shown  in  Figure 
4.2).  As  can  be  seen  in  Figure  4.1,  the  H  to  H  +  2*hour  data  could  be 
reasonably  plotted  up  2n  radians.  After  the  marked  advance  at  H, 
the  event  curve  shows  indications  of  returning  toward  normal  by  H  +  2 
hours.  The  phase  compares  well  with  the  background  after  H  +  6  hours. 

Phase  deviation  and  amplitude  at  event  time  are  shown  in  detail 
in  Figure  4.5  for  the  Okinawa  path.  Signal  amplitude  was  fading 
just  before  the  event,  and  had  reached  0.5  times  its  previous  static 
level  by  H  -  0.  (Amplitudes  are  referenced  to  the  average  level 
between  H  -  20  minutes  and  H  -  1  minute.)  A  further  attenuation 
occurred  at  H,  to  about  0.1  of  the  average  level.  Signal  level 
then  gradually  increased  to  its  former  value  by  the  end  of  the  off» 
period,  at  H  +  10  minutes. 

On  the  phase-deviation  detail  curve,  an  initial  advance  of  l.Sit 
has  been  shown  from  H  to  H  +  3  minutes,  then  a  slight  recovery  to 
about  1.6it  by  H  +  10  minutes.  Phase  deviation  changes  little  between 
H  +  10  and  H  +  60  minutes;  it  gradually  advances  to  about  2rt  at 


76 


SECRET 


H  +  80  minutes,  and  recovers  toward  the  average  characteristic  curve 
between  H  +  90  and  H  +  100  minutes.'  Recovery  is  checked  after 
H  +  100  minutes,  probably  by  the  sunrise  effect. 

4.3  PALO  ALTO 

The  diurnal  amplitude  and  phase  variations  in  the  received  NBA 
signal  at  Palo  Alto  are  shown  in  Figure  4.2  (top)  for  four  consecutive 
days,  beginning  with  the  day  before  the  Blue  Gill  event.  Midpath 
midnight  was  taken  at  0800  GMT.  No  diurnal  variation  is  apparent  in 
the  amplitude  curves.  The  event -day  data  match  those  for  the  other 
days,  after  H  +  1  hour.  There  is  attenuation  at  H,  recovery  to 
normal,  a  second  attenuation,  and  final  recovery  in  signal  level 
during  the  first  hour  after  the  event. 

The  diurnal  phase  curves  show  considerable  spread  in  Figure  4.2, 
probably  indicating  that  conditions  were  unstable  at  midnight  for 
this  path  (note  that  the  greatest  spread  in  amplitude  curves  is  near 
midnight).  Thus,  misalignment  is  probably  the  reason  for  the  apparent 
long-term  advanced  phase  effect  in  the  event -day  phase  curve.  The 
curve  for  28-29  October  is  near  to  an  average  characteristic  for  the 
period  of  a  week  about  the  event.  The  event  curve  follows  this  in 
diurnal  effect  from  about  H  +  1  to  H  +  6  hours,  after  recovering 
quickly  from  a  sharp  phase  advance  at  H. 

Details  of  phase  deviation  and  amplitude  at  event  time  are  shown 
in  Figure  4.7.  The  receiver  was  off  for  about  1  minute  prior  to  the 
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event.  In  reference  to  the  pre-event  level,  amplitude  is  attenuated 
to  0.2  immediately  after  the  event,  then  rises  swiftly  to  1.5  by 
H  +  4  minutes,  where  the  level  remains  until  H  +  7.  After  the  signal 

reappears,  it  decreases  fairly  rapidly  to  less  than  0.1  at  H  +  15 

minutes.  Another  quick  rise  before  h  +  20  minutes  brings  the  level 

to  about  0.6,  where  it  remains  until  H  +  30  minutes.  By  H  +  50 

minutes  the  signal  level  is  about  1.5;  it  remains  there  through  H  .  2 
hours. 

The  phase  deviation  shows  an  initial  phase  advance  of  1.9n  at 
H,  followed  by  gradual  recovery  to  1.3n  by  H  +  15  minutes  and  more 
rapid  recovery  to  0.9n  by  H  +  20  minutes.  There  is  a  pause  in 
recovery  between  H  +  20  and  H  +  40  minutes,  and  the  return  to  normal 
occurs  fairly  quickly  between  H  +  40  and  H  +  60  minutes. 

4.4  WAKE 

The  diurnal  amplitude  and  phase  variations  in  the  received  NBA 
signal  at  Wake  are  shown  in  Figure  4.2  (bottom)  for  the  days  before, 
including,  and  after  the  Blue  Gill  event.  Midpath  midnight  was 
taken  at  1100  GMT.  There  is  reasonable  agreement  among  the  phase 
curves,  although  amplitude  data  are  widely  spread.  The  assumption 
of  the  phase  advance  at  H  +  0  is  seen  to  so  orient  the  phase  curve 
that  it  begins  to  follow  the  sunrise  effect  by  H  +  2  hours  and  con¬ 
tinues  to  vary  approximately  with  the  background  for  the  rest  of 
the  day,  although  the  hours  from  1400  to  2000  GMT,  when  signal  level 
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is  consistently  low,  are  represented  by  doubtful  readings,  or  none 
at  all.  A  retardation  in  phase  could  havte  been  assumed  at  event 
time,  in  view  of  the  gap  in  data  after  H  +  2.5  hours,  but  the 
orientation  shown  is  more  consistent  with  data  obtained  over  similar 
paths.  The  amplitude  curves  show  little  more  than  a  diurnal  trend; 

signal  level  is  possibly  below  normal  until  about  2  hours  after  the 
event . 

The  phase  deviation  and  amplitude  detail  are  shown  in  Figure  4.7. 
The  phase  curve  prior  to  H  is  drawn  as  an  average  of  points  scattered 
over  about  tO.lit.  Individual  data  points  are  connected  after  event 
time.  Following  an  initial  advance  of  about  l.Brt  immediately  after 
H,  phase  recovers  rapidly  to  about  1.2n  by  H  +  10  minutes  and  then 
advances  slightly  between  H  +  10  and  H  +  40  minutes.  Recovery  to 

normal  has  apparently  begun  by  H  +  1  hour  and  is  complete  by  H  +  2 
hours. 

Amplitude  is  attenuated  to  less  than  0.1  of  pre-event  (average) 
level  at  the  time  of  the  event  and  recovers  to  0.75  almost  immediately. 
The  amplitude  then  falls  off  again,  reaching  a  relative  level  of 
about  0.2  at  H  +  4  minutes.  Another  recovery  of  signal  amplitude 
follows,  resulting  in  an  increase  to  1.2  at  H  +  20.  The  level  then 
returns  to  about  0.5  between  H  +  40  and  H  +  100  minutes.  Another 
increase  has  begun  by  H  +  2  hours,  but  it  is  probable  that  diurnal 
effect  predominates  by  this  time. 
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4.5  KAUAI 


Figure  4.3  (top)  shows  the  diurnal  amplitude  and  phase  charac¬ 
teristics  of  the  received  NBA  signal  at  Kauai  from  two  days  before  to 
one  after  the  event.  Midpath  midnight  is  at  0900  (an.  The  back¬ 
ground  signal -amplitude  level  shows  a  relatively  narrow  spread 
between  curves;  there  are  indications  that  the  signal  level  for 
event  day  is  consistently  low.  Absence  of  marked  diurnal  variation 
in  all  the  amplitude  curves  is  notable,  as  is  the  enhancement  which 
follows  the  event.  Amplitude  average  was  below  normal  before  the 
event,  increased  to  about  normal  level  just  after  the  event,  and 
returned  to  a  relatively  low  level  for  most  of  the  day. 

Diurnal  phase  comparison  is  fairly  reasonable  for  all  days 
except  that  prior  to  the  event,  when  an  adjustment  was  made  to  the 
oscillator.  For  this  reason,  23-24  October  was  added  to  give  a 
better  idea  of  the  normal  phase  characteristic.  For  this  data  it 
was  obvious  from  drift-slope  variation  that  an  advance  in  phase  of 
less  than  one  cycle  occurred  at  H,  and  the  orientation  shown--with 
phase  behaving  normally  by  H  +  2  hours — is  deemed  correct,  although 
the  spread  in  phase  data  is  considerable  at  certain  hours  of  the 
day. 

The  phase-deviation  and  amplitude  detail  curves  are  shown  in 
Figure  4.8.  Occasional  periods  of  high  noise  level  obscured  signal 
on  the  record,  notably  between  H  -  30  minutes  and  H  -  0;  readings  in 
this  period  should  be  averaged.  An  increase  in  signal  level  at  event 
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time  reaches  1.7  times  the  pre-event  level  by  H  +  1  minute.  Ampli¬ 
tude  remains  constant  until  H  +  15  minutes  and  shows  slight  variations' 
about  this  same  level  until  H  +  l  hour.  By  H  +  2  hours  the  amplitude 
has  returned  to  pre-event  level. 

The  phase  deviation  prior  to  event  time  shown  in  Figure  4.8 
for  Kauai  represents  an  average  of  readings  spread  over  ±0.05n. 

All  data  after  H  are  represented  by  the  phase  curve.  An  immediate 
phase  advance  of  0.8it  at  H  is  followed  by  a  very  rapid  partial  re¬ 
covery  to  0.4it  at  H  +  1  minute.  Phase  is  fairly  constant  to  H  +  6 
I 

minutes,  followed  by  another  advance  to  0.6jt  by  H  +  15  minutes,  and 
gradual  return  to  normal  by  about  H  +  1.5  hours. 

4.6  SOUTH  POINT 

The  diurnal  amplitude  and  phase  variations  for  the  received  NBA 
signal  at  South  Point  are  shown  in  Figure  4.3  (bottom)  for  three 
consecutive  days  about  the  Blue  Gill  event.  There  is  considerable 
spread  in  the  amplitude  readings  for  this  period,  with  only  a  general 
diurnal  trend  apparent.  The  signal  on  event  day  reaches  an  unusually 
high  level  between  H  +  0.5  and  H  +  1.5  hours,  but  seems  to  follow 
the  general  diurnal  aspect  otherwise.  Low  signal  levels  on  the 
event-day  record  (at  frequent  intervals)  and  the  loss  of  data  from 
H  to  H  +  20  minutes  limit  the  value  of  these  data. 

The  diurnal  phase  curve  for  the  event  day  shows  obvious  scatter 
in  the  data.  Phase  was  apparently  beginning  to  recover  when  next 
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seen  after  the  event,  and  the  diurnal  sunrise  effect  predominates 
by  H  +  2  hours. 

The  details  ol  eaputude  and  phase  deviation  at  South  Point  ape 
She™  in  Figure  d.8.  In  terms  ol  the  pre-event  level,  the  «.plltude 
curve  shows  an  enhancement  from  1,0  at  H  tio  minutes,  when  the 
equipment  was  reset,  to  2.0  at  H  t  25  minutes,  Near-constant  signal 
level  was  received  until  H  v  65  minutes.  The  remaining  data  show  a 
decreasing  trend  toward  H  +  2  hours. 

The  phase-deviation  data  show  the  phase  advanced  by  about  O.djt 
when  next  seen  after  the  event  (H  +  19  minutes);  the  advance  con¬ 
tinues  to  about  0.6n  at  H  +  25  minutes.  Recovery  has  begun  by  H  +  30 
minutes  and  is  complete  by  H  +  1  hour, 

4.7  ROI-NAMUR 

The  diurnal  amplitude  and  phase  of  the  received  NBA  signal  at 
Roi-Namur  for  four  days  around  the  Blue  Gill  event  time  are  shown  in 
Figure  4.4  (top).  Midpath  midnight  was  taken  at  0900  GOT.  Amplitude 
on  event  day  begins  higher  than  normal  average  (  a  continuation  of 
a  high  level  on  the  day  before  ).  Attenuation  occurs  during  the  first 
hour  after  the  event,  then  a  return  to  a  slightly  high  level. 
Attenuation  through  the  morning  hours  has  brought  it  to  about  normal, 
but  the  curve  falls  below  the  usual  diurnal  effect  near  noon  and 

continues  to  remain  below  normal  for  the  rest  of  the  day.  The  event- 
day  data  contain  many  gaps. 
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The  phase  curves  do  not  present  a  very  repeatable  pattern  for 
this  period,  as  the  oscillator  drift  was  relatively  high,  tending  to 
obscure  diurnal  effects.  The  assumption  that  a  phase  advance  of 
less  than  one  cycle  occurred  at  H  produces  the  best  fit  in  the  data, 
considering  all  aspects.  The  event -day  data  show  that  normal  diurnal 
effects  begin  to  predominate  by  H  +  2.5  hours,  although  phase  seems 
advanced  from  normal  until  about  H  +  14  hours.  Reliability  of  these 
data  is  somewhat  impaired  by  low  signal  recording  level  and  the  high 
oscillator  drift. 

Amplitude  and  phase-deviation  details  at  Roi  Namur  are  shown  in 
Figure  4.6.  Consideration  of  the  amplitude  data  should  be  based  on 
an  average  curve  through  the  data  points  shown.  The  amplitude  data 
show  a  sharp  attenuation  at  H  to  about  0.35  of  the  pre-event  level, 
and  a  gradual  Increase  to  0.9  at  H  +  30  minutes.  The  signal  then 
decreases  to  0.6  at  H  +  40  minutes  and  again  increases  to  1.3  by 
H  +  1  hour,  remaining  approximately  constant  to  H  +  2  hours. 

Points  on  the  phase-deviation  curve  between  H  -  4  and  H  +  4 
minutes  represent  an  average  phase.  Scatter  is  tO.ln  before  and 
±0.4it  after  H,  about  the  curve  shown.  From  H  +  4,  where  the  CW 
signal  was  transmitted,  the  curve  is  drawn  through  all  data  points. 
Immediate  phase  advance  at  H  is  of  the  order  of  1.4jt,  with  partial 
recovery  to  a  definite  1.2n  at  H  +  4  minutes.  Another  advance  has 
occurred  during  the  off  period,  to  1.8n  by  H  +  10  minutes,  and  con¬ 
tinues  to  about  2n  by  H  +  20  minutes.  Recovery  is  gradual  from 
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then  until  about  H  +  2.5  hours,  when  sunrise  effect  begins  to 
predominate. 

4.8  TUTUILA 

The  diurnal  amplitude  and  phase  variations  of  the  received 
NBA  signal  at  Tutuila  for  three  consecutive  days  surrounding  the 
Blue  Gill  event  are  shown  in  Figure  4.4  (bottom).  Midpath  midnight 
is  at  1000  GUT.  The  diurnal  amplitude  curves  for  the  days  shown 
follow  a  fairly  close  pattern.  An  amplitude  disturbance  is  in 
evidence  at  event  time,  followed  by  data  points  scattered  about  a 
general  enhancement  of  signal  for  nearly  3  hours. 

The  diurnal  phase  variation  on  event  day  also  follows  closely 
that  of  the  background  days  after  H  +  4  hours,  but  shows  a  consid¬ 
erable  deviation  in  advance  of  normal  from  H  to  H  +  3  hours.  Re¬ 
covery  is  rapid  between  H  +  3  and  H  +  4  hours.  Data  on  the  records 
were  somewhat  doubtful  from  H  +  3  to  4  hours,  but  indications  of 
a  rapid  return  were  found. 

Amplitude-and-phase-deviation  details  at  Tutuila  are  shown  in 
Figure  4.5.  Signal  level  is  dropping  before  the  event.  There  is 
very  little  change  at  H,  followed  quickly  by  a  swift  Increase  to 
2.0  times  the  average  pre-event  level  at  H  +  1  minute.  Amplitude 
then  continues  to  rise  to  3.0  by  H  +  5  minutes.  When  signal  is 
regained  after  the  off-period,  the  level  has  dropped  to  about  2 
again,  but  it  increases  to  about  3,4  for  the  interval  between  H  +  18 
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and  H  +55  mlnutea.  There  is  attenuation  to  1.5  near  H  +  1  hour, 
followed  by  enhancement  to  3.5  at  H  +  2  hours.  Signal  amplitude 
has  returned  to  normal  by  H  +  3  hours. 

After  an  initial  sharp  advance  of  1.7n  at  event  time,  phase 
deviation  recovers  slightly  to  1.5n  at  H  +  18  minutes  and  then  ad¬ 
vances  gradually  to  1.8jt  by  H  +  45  minutes,  where  final  recovery 
begins.  Recovery  is  gradual  until  about  H  +  3  hours,  then  rapid 
from  H  +  3  to  H  +  4  hours,  after  which  phase  appears  normal. 

4.9  VITI  LEVU 

All  attempts  to  obtain  consistent,  repeatable  diurnal  phase  and 
amplitude  curves  for  the  Viti  Levu  NBA  data  around  the  time  of  the 
Blue  Gill  event  were  unsncessful .  A  drift-slope  could  not  be 
obtained;  however,  it  is  certain  that  the  drift-slope  is  negative 
and  probably  less  than  0.3jt  radian  per  hour.  Details  of  amplitude 
and  raw-phase  data  from  Viti  Levu  are  shown  in  Fig.  4.6.  The 
amplitude  curve  shows  a  sharp  attenuation  at  event  time  to  0.3  of 
the  pre-event  level,  followed  by  a  rapid  rise  to  about  1.2  by  H  +  10 
minutes.  The  signal  level  is  then  constant  until  about  H  +  1  hour, 
when  a  decrease  toward  normal  by  H  +  2.5  hours  begins. 

The  raw-phase  curve  shows  an  advance  of  1.8jt  immediately  follow¬ 
ing  the  event  (this  has  been  assumed  in  preference  to  a  phase  retar¬ 
dation  of  0.5it — the  data  do  not  Indicate  which  may  be  correct). 

This  condition  is  maintained,  essentially,  throughout  the  period 
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shown,  and  phase  does  not  return  toward  pre-event  condition  until 
about  H  +  6  hours. 

4.10  MIDWAY 

The  phase  and  amplitude  data  for  the  NBA  signal  received  at 
Midway  for  the  Blue  Gill  event  showed  a:  somewhat  reasonable  diurnal 
pattern  with  considerable  spread  from  day  to  day  at  the  hours  around 
and  following  the  event.  It  was  impossible  to  infer  a  normal  back¬ 
ground  at  event  time.  Therefore,  no  diurnal  data  are  shown  and  no 
phase-deviation  comparison  is  made.  The  amplitude  and  normalized- 
phase  details  for  the  Blue  Gill  event  data  at  Midway  are  shown  in 
Figure  4,9.  Phase  data  are  normalized  to  an  oscillator  drift-slope 
of  -0.4it  radian  per  hour.  Prior  to  the  event,  the  phase  data 

points  are  scattered  ±0.2n  around  the  average  curve  shown  in  Figure 
4.9. 

The  phase  curve  is  drawn  through  all  points  after  the  event. 

The  signal  level  is  low  throughout  the  period  shown,  however,  so 
that  a  reading  error  of  ±0.2jt  should  be  asrumed.  At  event  time, 
there  is  phase  advance  of  O.Sjt,  followed  by  rapid  partial  recovery 
to  O.Srt  at  H  +  1  minute.  It  is  probable  that  a  gradual  phase  recovery 
then  starts  and  is  complete  by  H  +  1  hour.  It  is  uncertain  when 
phase  approaches  the  normal  diurnal  characteristic  because  of  the 
lack  of  good  background  phase  data  for  comparison. 

Signal  amplitude  recorded  at  Midway  for  this  event  resulted  in 
extremely  low  recording  levels.  The  amplitude  data  shown  do  indicate 
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a  amall  attenuatloa  at  event  tine,  followed  by  an  enhancenent  to 
1.2  of  the  pre-event  vMue  at  H  e  5  nlnntes.  The  signal  had  probably 
returned  to  pre-event  level  by  H  +  15  minutes. 

4.11  SUMMARY 

The  effects  of  the  Blue  Gill  event  on  the  received  NBA  signal 
can  be  seen  in  data  from  nine  of  the  twelve  sites.  Canton  showed 
no  effect,  and  Fairbanks  and  Rarotonga  did  not  obtain  data  at  event 
time.  The  Blue  Gill  event  occurred  at  0959:48  GMT,  and  ground  sunrise 
at  NBA  occurred  at  1108  GMT,  allowing  only  1  hour  before  sunlight 
had  begun  to  influence  all  propagation  paths. 

Signal  amplitude,  in  general,  showed  an  immediate  attenuation 
at  event  time^ followed  by  an  enhancement  within  H  +  5  minutes.  At 
Roi-Namur  and  Wake^this  enhancement  did  not  occur;  however,  signal 
amplitude  had  returned  to  normal  by  H  +  30  minutes.  At  Okinawa, 
the  signal  enhancement  resulted  in  a  return  to  pre-event  signal  level 
by  H  +  10  minutes.  Enhanced  signal  amplitude  was  maintained  for  about 
1  hour  at  Vlti  Levu,  Tutuila,  Kauai,  and  South  Point  before  a  return 
to  pre-event  levels.  At  Palo  Altova  second  attenuation  occurred  at 
H  +  15  minutes,  resulting  in  the  minimum  signal  recorded  following 
the  event.  Recovery  was  complete  in  less  than  1  hour. 

Phase  of  the  NBA  signal  apparently  showed  an  immediate 
advance  at  all  stations  that  recorded  an  effect.  Recovery  appears 
to  be  complete  within  2  hours,  when  sunrise  effects  start,  except  for 

data  at  Viti  Levu  and  Tutuila.  where  the  return  to  normal  does  not 
occur  until  H  +  4  hours. 
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Figure  4.3  Diurnal  amplitude  and  phase  at  Kauai  and  South  Point, 
Blue  Gill. 
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mplitude  and  phase  detail  at  Tutuila  and  Okinawa,  Blue  Gill. 
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Amplitude  and  phase  detail  at  Roi-Namur  and  Viti  Levu,  Blue  Gill. 
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Amplitude  and  phase  detail  at  Kauai  and  South  Point,  Blue  Gill, 
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nd  phase  detail  at  Midway,  Blue  Gill. 
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CHAPTER  5 


KING  FISH 

5.1  GENERAL 

For  the  King  Fish  event  on  1  November  1962,  records  were  obtained 
from  all  receiver  sites  except  Palo  Alto.  Effects  of  the  event  were 
apparent  on  all  except  Canton,  Midway,  Okinawa,  and  Rarotonga  records. 

The  NBA  transmitter  was  off  the  air,  in  its  usual  sequence, 
from  1207  to  1210;  the  King  Fish  event  occurred  at  1210:06  QJT. 

Average  response  time  for  the  data  system  was  0.2  minute,  so  the 
first  effects  of  the  event  would  be  obscured  by  the  transition  from 
noise  level  to  signal  level  in  most  of  the  data.  As  a  consequence, 
the  data  points  at  H  +  0  minutes  are  actually  at  H  +0.1  minute, 
or  later  in  cases  where  it  was  uncertain  whether  the  system  was 
responding  rapidly  enough.  A  gap  has  been  left  in  the  data  curves 
to  demonstrate  this. 

Ground  sunrise  at  NBA  for  the  King  Fish  event  occurred  at  1109 
GMT,  1  hour  before  the  event.  Therefore,  sunrise  had  already  started 
to  change  propagation  conditions  on  all  paths  by  event  time.  Figures 
5.1  through  5.3  show  diurnal  phase  and  amplitude  data.  Figures  5.4 
through  5.7  show  details  of  phase  and  amplitude  from  20  minutes 
before  until  2  hours  after  the  event.  (Figures  are  given  at  the  end 
of  this  chapter.) 
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5.2  WAKE 


The  diurnal  amplitude  and  phase  variations  of  the  NBA  signal 
received  at  Wake  are  shown  in  Figure  5.1  for  three  consecutive  days 
about  the  King  Fish  event.  Midpath  midnight  was  taken  at  1100. 

The  diurnal  amplitude  data  for  the  period  show  fairly  good  agree¬ 
ment  throughout  most  of  the  day,  and  a  definite  diurnal  variation. 

In  the  event -day  data,there  is  significant  deviation  from  the  normal 
level  between  H  and  H  +  1  hour,  when  sig  ’  is  attenuated  drastically, 
and  essentially  lost  for  almost  an  hour.  o 

The  phase  curves  show  a  consistent  diurnal  behavior.  The  most 
notable  feature  of  the  event  phase  curve  is  the  very  large  advance 
that  was  assumed  at  event  time.  It  is  not  necessary  to  insert  more 
than  one  cycle  of  advance  to  bring  the  data  for  the  day  into 
correspondence  with  the  background.  (Since  the  data  at  H  +  1  minute 
are  isolated  from  those  taken  during  the  rest  of  the  day,  they  can 
be  oriented  without  consideration  of  drift-sloped  However,  the 
data  after  H  +  1  hour  which  indicate  that  phase  is  recovering  from 
a  drastically  advanced  position  are  governed  by  drift-slope 
orientation. 

Details  of  amplitude  and  phase  deviation  at  Wake  are  shown  in 
Figure  5.7  for  the  immediate  period  about  the  event.  The  amplitude 
detail  shows  attenuation  to  0.5  of  the  pre-event  level  immediately 
after  H,  abrupt  increase  to  0.7  at  H  +  0.5  minute,  and  a  rapid 
decrease  through  0.35  at  H  +  1.5  minutes.  Signal  has  been  lost 
by  H  +  2  minutes  and  does  not  return  to  a  readable  level  until 
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H  +  55  Blnutei.  The  signal  level  rises  to  0.6  by  H  +  75  minutes  and 
bfgins  to  fluctuate  about  the  normal  level  for  this  hour,  rising 
above  normal  level  between  H  +  105  minutes  and  H  +  3  hours. 

The  phase-deviation  curve  has  been  drawn  to  show  an  extreme 
advance  of  4.2it  immediately  after  H,  but  the  portion  of  the  phase 
curve  between  H  and  H  +  1.5  minutes  could  be  oriented  at  2.2it  or 
0.2jt  without  affecting  the  shape  of  the  rest  of  the  curve.  The 
curve  has  been  oriented  as  shown  because  no  large  advance  occurring 
late  after  the  event  was  found  in  the  data  from  the  other  sites  in 
the  same  general  area  of  the  Pacific.  The  initial  advance  shown  is 
consistent  with  the  recovery  seen  after  H  +  55  minutes.  At  H  +  55 
minutes,  phase  is  seen  to  be  recovering  from  an  advance  of  at  least 

2.9n;  it  continues  to  recover,  reaching  normal  phase  conditions  by 
H  +  4  hours. 

5.3  KAUAI 

The  diurnal  phase  and  amplitude  of  the  NBA  signal  received  at 
Kauai  are  shown  in  Figure  5.2  (top)  for  four  consecutive  days  about 
the  King  Fish  event.  Midpath  midnight  was  taken  at  0900  GMT.  The 
amplitude  data  show  consistent  daily  behavior  for  all  days  shown, 
and  some  diurnal  variation  is  apparent.  The  event-day  curve  shows 
no  significant  deviation  from  normal  except  for  the  enhancement  at 
event  time  and  a  return  to  normal  within  1  hour. 

The  diurnal  phase  curves  show  a  large  spread  in  the  readings 
taken  during  the  daylight  hours, but  conform  well  enough  before  1400 
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to  permit  deviation  comparison.  The  phase  curve  for  2-3  November 
falls  near  the  average  for  the  weekly  period  about  the  event. 
Drift-slope  considerations  imply  a  phase  advance  on  event  day. 

Phase  recovers  from  a  large  advance  at  H  to  almost  normal,  then 
advances  to  a  nearly  constant  position,  and  remains  there  until  diurnal 
effect  causes  further  advance  near  H  +  3  hours.  Coincidence  with  the 
normal  position  of  advance  occurs  by  H  +  2  hours. 

Details  of  phase  deviation  and  amplitude  for  the  event  period 
are  shown  in  Figure  5.5.  System  response  for  this  site  and  event 
was  changed  to  about  0.1  minute.  Amplitude  variation,  in  relation 
to  the  H  -  3-minute  level,  shows  enhancement  to  2,5  immediately 
after  the  event,  a  decrease  to  1.2  at  H  +  1  minute,  and  a  return  to 
2.6  at  H  +  2  minutes.  The  level  falls  gradually  to  about  0.5  by 
H  +  30  minutes,  then  begins  to  vary  normally. 

The  phase-deviation  data  show  phase  returning  from  an  advance 
of  at  least  l.Grt  immediately  after  the  event  and  a  very  rapid 
recovery  to  0.4jt  at  H  +  1,5  minutes.  There  is  little  change  in 
deviation  until  H  +  10  minutes,  then  an  advance  to  0.6jt  occurs 
by  H  +  20  minutes.  Very  gradual  recovery  alter  H  +  20  minutes 
brings  phase  to  normal  by  H  +  2  hours. 

5.4  SOUTH  POINT 

The  diurnal  amplitude  and  phase  variations  at  South  Point  are 
shown  in  Figure  5.2  (bottom)  for  three  consecutive  days  about  the 
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King  Fish  event.  Midpath  midnight  was  taken  at  1000  (BIT.  There  is 
good  agreement  during  the  morning  among  the  diurnal  amplitude  curves 
shown,  but  considerable  spread  is  apparent  in  the  afternoon  and 
near  midnight.  The  diurnal  variation  is  clearly  evident.  The  ampli- 
*  tude  curve  for  event  day  shows  little  deviation  from  normal  in  the 

hours  near  the  event,  but  the  fluctuation  Just  after  event  time  is 
notable,  showing  short-term  enhancement  following  the  probable 
attenuation  at  H. 

The  diurnal  phase  curves  show  fairly  good  day-to-day  agreement 
throughout  much  of  the  day.  There  is  some  spread  in  the  afternoon 
which  may  be  attributed  to  low  signal  level.  The  phase  data  for  the 
event  day  actually  show  an  advance  at  H,  and  there  is  a  further 
advance  near  H  +  30  minutes.  After  that,  diurnal  effect  seems  to 

t 

predominate,  but  phase  remains  advanced  until  H  +  6  hours. 

Details  of  phase  deviation  and  amplitude  are  shown  in  Figure  5.5 

) 

for  South  Point.  In  reference  to  the  level  at  H  -  5  minutes,  ampli¬ 
tude  shows  attenuation  immediately  after  the  event  to  0.3,  rises 
abruptly  to  0.7  at  H  +  0.3  minute,  and  continues  rising  to  1.6  at 
H  +  1  minute.  The  signal  then  drops  to  1.0  at  H  +  1.5  minutes, 
remains  there  for  2.5  minutes,  then  drops  to  0.15  at  H  +  10  minutes, 
and  fluctuates  about  the  nomal  level  for  the  remainder  of  the  day. 

The  phase-deviation  curve  shows  a  rapid  advance  immediately 
after  H  of  O.Sjc  by  H  +  0.5  minute,  slight  recovery  to  0.6n  at  H  +  3 
minutes,  advance  to  O.Sjt  at  H  +  3.5  minutes,  and  a  further  advance  to 


101 

SECRET 


about  l.On  by  H  +  30  minutes,  where  recovery  begins.  Phase  has 
recovered  to  within  about  0.4jt  of  normal  by  H  +  5S  minutes,  but 
remains  slightly  advanced  until  H  +  6  hours. 

5.5  VITI  LEVU 

The  diurnal  phase  and  amplitude  variations  of  the  NBA  signal 
received  at  Viti  Levu  are  shown  in  Figure  5.3,  for  King  Fish  event 
day  and  the  following  day.  Midpath  midnight  was  taken  at  1000  GUI. 
There  is  considerable  day-to-day  spread  in  the  diurnal  amplitude 
data,  but  a  diurnal  characteristic  variation  is  readily  apparent, 
since  signal  level  is  relatively  high.  Considerable  attenuation  is 
shown  in  the  event  data  after  H,  for  about  1  hour,  until  diurnal 
effects  bring  the  curves  into  near  coincidence.  The  large  attenua¬ 
tions  at  1700  and  2200  GMT  on  event  day  have  no  known  significance. 

The  diurnal  phase  curves  show  spread  in  the  data  during  the 
daylight  hours  for  a  number  of  days  near  the  event  period.  Behavior 
in  the  early  morning  hours  was  sufficiently  consistent  to  allow  a 
deviation  cranparison.  The  large  phase  shift  in  the  event  curve  at 
H  is  implied  in  the  data,  mainly  by  drift-slope  considerations,  but 
there  is  also  good  correlation  with  the  background  variation  between 
1400  and  1700  GUI.  (The  curve  for  2-3  November  is  approximately 
characteristic  of  the  usual  diurnal  variation  during  these  hours.) 

Details  of  phase  deviation  and  amplitude  are  shown  in  Figure  5.4 
for  the  immediate  event  period.  In  reference  to  the  level  at  H  -  5 


102 

SECRET 


minutes,  amplitude  undergoes  an  attenuation  to  0.3  immediately  after 
the  event,  holds  that  level  until  H  +  2  minutes,  and  then  decreases 
*  slightly  to  0,27  at  H  -i-  2.5  minutes.  From  H  2.5  to  H  35  minutes, 

the  level  Increases  gradually  to  about  0.4,  held  until  H  +  55  minutes. 
^  Signal  level  is  near  normal  between  H  -i-  75  and  H  +  95  minutes,  but 

increases  again  after  H  -i-  115  minutes. 

The  phase-deviation  curve  shows  an  advance  of  1.6n  immediately 
after  H,  then  slightly  more  advance  until  H  +  2  minutes,  where  a 
rapid  retardation  occurs,  to  1.3n  at  H  +  3.5  minutes.  There  Is 
abrupt  advance  to  1.5n  at  H  +  5.5  minutes,  where  recovery  begins 
rapidly;  It  continues  more  gradually  after  H  +  14  minutes  (O.Sn) 
until  H  55  minutes,  to  0.2n,  which  is  near  normal.  The  advance 
after  H  -i-  55  minutes  is  probably  caused  by  normal  diurnal  changes. 

^  The  phase  remains  advanced  from  normal  until  about  H  +  3  hours. 

5.6  FAIRBANKS 
.  i 

At  Fairbanks  the  local  frequency  standard  was  adjusted  40  minutes 
prior  to  the  King  Fish  event,  so  oscillator  drift-slope  Is  In  doubt 
for  the  immediate  period  of  the  event.  Recording  level  was  low  on 
this  record.  In  addition,  system  recovery  after  the  transmitter 
off-period  (H  -3  minutes  to  H)  Is  apparently  slow,  so  readings 
before  H  +  1  minute  could  not  be  used.  Phase  points  throughout  the 
period  of  the  event  show  a  scatter  of  ±0.1tt;  amplitude  points  are 
scattered  as  well. 
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Amplitude  detail  and  phase  data  in  raw  form  lor  the  NBA  signal 
received  at  Fairbanks  are  shown  in  Figure  5.4.  With  reference  to 
the  pre-event  level,  and  assuming  an  average  through  the  amplitude 
curve  shown,  the  signal  level  drops  to  about  0.5  between  H  +  1  and 
H  +  2  minutes.  There  is  an  apparent  recovery  to  about  0.9  between 
H  +  3  and  H  +  4  minutes;  then  the  average  level  drops  to  about  0.6 
between  H  +  4  and  H  +  12  minutes,  and  rises  to  1.0  between  H  +  12 
and  H  +  16  minutes.  Another  decrease  follows,  to  about  0.7  by  H  +  30 
minutes.  The  level  rises  from  there  to  about  normal  by  H  +  1  hour. 
The  general  effect  between  H  and  H  +  1  hour  is  a  30-percent  decrease 
in  signal  level  and  a  return  to  normal. 

An  average  is  assumed  through  the  phase  curve  shown;  there  is 
apparently  no  change  in  phase  through  the  event,  with  an  advance  of 
about  0.3it  occurring  very  rapidly  between  H  +  1  and  H  +  2  minutes, 
followed  by  immediate  recovery  to  about  O.lSn  at  H  +  3  minutes. 

The  data  show  a  gradual  phase  advance  for  about  3  hours,  which  seems 
to  be  normal  sunrise  effect.  A  phase  variation  between  H  and  H  +  1 
hour,  attributable  to  the  event,  seems  to  be  superimposed  on  the 
long-term  advance  effect. 

5.7  ROI -NAMUR 

Slope  variation  was  established  for  the  days  through  the  King 
Fish  event,  but  background  data  showed  too  much  Inconsistency  for 
meaningful  comparisons.  Figure  5.6  shows  the  amplitude  and  normalized 


104 

SECRET 


phase  details  of  Roi  Namur  data.  The  phase  data  have  simply  been 
normalized  to  the  drift-slope  of  -0.98  radian  per  hour.  Scatter- 
f  Ing  of  phase  points  after  the  event,  In  the  period  when  signal  Is 

low,  Indicates  that  the  true  phase  curve  Is  probably  an  average 
^  drawn  through  the  data  shown.  If  an  average  variation  Is  asstimed, 

the  Initial  phase  advance  Is  about  1.2n,  with  a  probable  further 
shift  to  some  1.6n  between  H  +  1  and  H  +  6  minutes  (rapid  enough, 
possibly,  to  be  considered  a  second  stage  of  the  initial  advance). 
Partial  recovery  occurs  from  there  to  about  1.5n  by  H  +  15  minutes; 
then  very  slow  final  recovery  follows.  Data  are  lost  from  H  +  115 
minutes  to  H  +  5  hours,  so  that  recovery  time  is  uncertain,  but  less 
than  5  hours.  The  advance  at  H  was  assumed  in  lieu  of  showing  a 
0.8jt  retardation;  either  is  possible  in  view  of  the  gap  in  data 
<  after  H  +  2  hours. 

The  amplitude-detail  curve  shows,  relative  to  the  pre-event 
level,  an  attenuation  at  event  time  to  about  0.2,  a  gradual  increase 
to  about  0.3  by  H  +  15  minutes,  and  then  no  appreciable  change  through 
H  +  115  minutes.  The  level  coincides  with  normal  background  by 
H  +  20  minutes,  since  signal  is  usually  attenuated  during  this  period 
of  the  day . 

5.8  TUTUILA 

Background  diurnal  phase  characteristics  for  the  period  about 
the  King  Fish  event  are  too  irregular  to  use  for  comparison,  but 
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At  the  eouthern-aree  eltee,  affects  were  observed  at  Vltl  Levu  and 
Tutulla,  with  the  larger  disturbance  at  Vltl  Levu  Indicating  a  well- 
defined  con;)ugate-area  disturbance.  Phase  at  these  two  sites  was 
advanced  by  the  event,  with  recovery  in  about  an  hour.  Anplltude 
was  attenuated  at  event  tine,  with  a  recovery  and  possible  enhance- 
■ent  at  Tutulla  and  continued  attenuation  at  Vltl  Levu. 

At  northern-area  sites,  effects  were  observed  at  all  sites 
except  Midway,  the  Midway  path  being  the  farthest  from  the  event 
area.  Effects  in  the  northern  area  are  somewhat  inconsistent, 
since  South  Point  and  Kauai  give  dissimilar  results,  and  Wake  and 
Roi— Namur  have  Incomplete  data.  All  northern  sites  show  phase 
advances,  with  the  largest  effect  observed  at  Wake,  although  the 
validity  of  the  Wake  data  is  doubtful. 

Data  are  shown  for  a  disturbance  at  Fairbanks,  but  no  effect 
was  recorded  at  (Miinawa.  The  principal  effect  at  Fairbanks  is  a 
signal  attenuation  accompanied  by  slight  phase  effect,  which  is 
somewhat  unreasonable. 
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igure  5.1  Diurnal  amplitude  and  phase  at  Wake,  King  Fish. 
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Figure  5.2  Diurnal  amplitude  and  phase  at  Kauai  and 
South  Point,  King  Fish. 
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Figure  5.3  Diurnal  amplitude  and  phase  at  Viti  Levu,  King  Fish. 
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Figure  5.4  Amplitude  and  phase  detail  at  Fairbanks  and  Viti  Levu,  King  Fish. 
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Figure  5.5  Amplitude  and  phase  detail  at  South  Point  and  Kauai.  King  Fish. 
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Figure  &.7  Amplitude  and  phase  detail  at  Wake,  King  Fish. 
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CHAPTER  6 


•  . 

DISCUSSION  OF  RESULTS 

The  results  presented  in  this  report  define  measurements  made 
on  the  received  amplitude  and  phase  of  the  18-kc  transmissions  from 
NBA,  Canal  Zone.  Since  these  data  were  recorded  for  another  purpose, 
the  paths  that  resulted  were  not  optimum  for  defining  nuclear-event 
effects  on  VLF  propagation.  Therefore,  the  results  presented  here 
are  limited  to  a  description  of  the  data  and  do  not  Include  an 
Interpretation  of  the  observed  effects  in  terms  of  event  parameters 
or  ionospheric  effects. 

Five  high-alt Itude  events  occurred  during  the  Fish  Bowl  series. 
One  of  these  events,  Star  Fish,  occurred  during  July  1962,  and  the 
other  four  events  occurred  within  a  16-day  period  beginning  in 
October  (Table  1.1).  This  latter  grouping  to  some  extent  influenced  the 
observed  VLF  effects.  For  Star  Fish,  all  sites  showed  an  Immediate 
signal  attenuation  followed  by  a  recovery  to  normal  level  within 
4  minutes  in  many  Instances.  Phase  at  all  sites^  was  advanced  by 
the  event,  the  advance  being  apparently  Instantaneous  at  all  sites 


The  sites  can  be  grouped  into  northern  (Rol-Namur,  Wake,  Midway, 
Kauai,  and  South  Point),  southern  or  conjugate  (Viti  Levu,  Tutuila, 
and  Rarotonga),  and  remote  (Okinawa,  Fairbanks,  and  Palo  Alto). 
Canton  is  unique  in  that  it  is  at  the  magnetic  equator  between  the 
northern  and  conjugate  areas. 
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except  Canton  and  Palo  Alto.  There  is  evidence  of  delayed  phase 
advances  (possibly  two  stagres)  in  the  conjugate  area  and  to  the 
east  of  the  immediate  event  area,  within  3  minutes  of  the  Star 
Fish  event.  Some  sites  responded  only  to  the  later  phase  advances 
(Canton,  for  example). 

All  sites  observed  a  disturbance  associated  with  the  Check 
Mate  event,  except  possibly  Fairbanks.  Amplitude  variations  were 
small  with  both  signal  Increases  and  decreases  being  recorded. 
Signal  recovery  to  normal  was  rapid  after  the  event.  Phase 
variations  at  the  northern-area  sites  showed  phase  advances  re¬ 
turning  to  normal  in  1  or  2  hours.  The  remote-area  sites  and 
Canton  also  showed  phase  advances  that  persisted  for  several 
hours.  The  conjugate  area,  however,  showed  phase  retardations 
reaching  a  maximum  in  20  minutes  and  returning  to  normal  in  about 
1  hour.  This  phase  retardation  was  not  expected,  and  all  known 
data-processing  techniques  and  Interpretations  that  could  result 
in  a  phase  advance  were  tried  to  no  avail. 

The  Blue  Gill  event  occurred  within  6  days  of  the  Check  Mate 
event.  Amplitude  of  the  received  NBA  signal  showed  an  attenuation 
at  all  sites  except  Canton  (Fairbanks  and  Rarotonga  did  not  obtain 
records),  followed  immediately  by  an  enhancement.  At  some  sites, 
this  enhancement  resulted  in  signal  amplitudes  above  normal.  At 
Palo  Alto  a  second  attenuation  was  observed  at  15  minutes  after 
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the  event.  At  all  sites,  the  phase  pf  the  received  NBA  signal 
showed  an  advance  at  event  time,  with  recovery  at  the  northern- 
area  sites  within  2  hours,  and  recovery  at  the  conjugate-area 
sites  In  some  4  hours. 

Blue  Gill  showed  two  distinct  affected  areas.  In 
the  northern  area,  most  sites  observed  the  King  Fish  event  as  a 
phase  advance,  while  Midway  showed  no  effect.  Canton  did  not 
show  any  effect,  giving  evidence  of  a  limited  disturbed  area 
around  the  event.  In  the  conjugate  area,  Viti  Levu  and  Tutuila 
observed  a  phase  advance  (no  effect  was  observed  at  Rarotonga) 
giving  evidence  of  a  well-defined  conjugate  area.  The  remote 
paths  showed  no  significant  effect  from  King  Fish. 

Tight  Rope  gave  no  evidence  of  a  disturbance  on  any  of  the 
NBA  paths  that  were  monitored. 

The  results  presented  here  were  obtained  by  a  system  de¬ 
signed  and  installed  primarily  as  a  device  to  control  the  fre¬ 
quency  of  a  local  standard.  These  results  demonstrate  that 
diligent  use  of  all  available  systems  during  a  nuclear-test 
series  can  result  in  additional  useful  data. 
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136-137  DEFENSE  INTELLIGENCE  AGENCY 

138  DEFENSE  COMMUNICATIONS  AGENCY 

139  JOINT  TASK  FORCE-8 

140  COMMANDER-IN-CHIEF  PACIFIC 

141  COMMANDER-IN-CHIEF  ATLANTIC  FLEET 

142  STRATEGIC  AIR  COMMAND 

143  CINCONAD 

144  DIR. DEFENSE  INTELLIGENCE  AGENCY 
145-164  DEFENSE  DOCUMENTATION  CENTER 


POR  CIVILIAN  DISTR  CAT.  B  1 

165  AEROSPACE  CORPORATION  ATTN  DR.  I.F. WEEKS 

166  AEROJET  GENERAL  NUCLEONICS  SAN  RAMON  CALIF 

167  FORD  MOTOR  CO  NEWPORT  BEACH  CALIF  ATTN  TECH  LIBRARY 

168  AEROSPACE  CORP  EL  SEGUNDO  CALIF 

169  allied  research  ASSOC. INC  CNCORD  MASS 

170  AMER. SCIENCE  SENG  CO  CAMBRIDGE  MASS 

171  IIT  RESEARCH  INSTITUTE  CHICAGO  ILL. 

172  AVCO  CORP  EVERETT  MASS 

173  AVCO  CORP  WILMINGTON  MASS  ATTN  TECH.LIBRARY 

174  BMI  COLUMBUS  OHIO  ATTN  DEFENDER  INFO  CENTER 

175  BELL  TEL  LAB.WHIPPANY  NEW  JERSEY 

176  BENDIX  CORP  DETROIT  MICH 

177  BOEING  COMPANY  SEATTLE  WASHINGTON  ATTN  TECH  LIBRARY 
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1TB  COLLINS  RADIO  CO. CEDAR  RAPIDS  IOWA 
1T»  COLUMBIA  UNIV  ELEC  RESEARCH  LAB  NEW  YORK 
IBO  CORNELL  AERONAUTICAL  LAB  INC  BUFFALO  NY 

181  DEFENSE  RESEARCH. .COftP  SANTA  BARBARA  ATTN  WEITE 

182  DOUGLAS  AIRCRAFT  CORP  SANTA  MONICA  CALIF 

183  EDGERTON  GERMESHAUSEN  &  GRIER  INC  BOSTON 

18A  E  H  PLESSET  ASSOC  INC  LOS  ANGELES  ATTN  TECH.LIBRARY 

185  ELECTRO-OPTICAL  SYSTEMS  PASADENA  CALIF 

186  SPERRY  RAND  CORP  LONS  ISLANO  N  Y 

18T  GEN  DYNAMICS  ASTRO  DIV  SAN  DIEGO  ATTN  HAMLIN 

188  GEN  DYNAMICS  ELEC  DIY  SAN  DIEGO  ATTN  ENGR.  LIBRARY 

189  GEN  DYNAMICS  GEN  ATOMIC  DIV  SAN  OIEGO  ATTN  T  1  S 

190  GEN  DYNAMICS  CORP  FT  WORTH  TEXAS 

191  GEN  ELEC  CO  RADIATION  EFFECTS  OPERATION 

192  GEN  ELEC  CO  ADVANCED  ELEC  CENTER  ITHACA  N  Y 

193  GEC  TECH  MIL  PLANNING  OPER  SANTA  BARBARA  ATTN  DASA 
I9A  SYLVANIA  DIV  ELEC  DEF  LAB  MT  VIEW  CALIF 

195  GEOPHYSICS  CORP  OF  AVER  BEDFORD  MASS 

196  H  R  B  SINGER  INC  STATE  COLLEGE  PA 


197  GEC, RE-ENTRY  SYSTEMS  DEPT  ATTN  TECH. INFO.CENTER 

198  HUGHES  AIRCRAFT  CO  CULVER  CITY  CALIF  ATTN  HANSCOME 

199  INST  FOR  DEFENSE  ANALYSIS  WASHINGTON 


200  INTER  TEL  6  TELGR  CORP  NUILEY  N  J 

201  J  HOPKINS  UNIV  APPL  PHYSICS  LAB  SILVER  SPRINGS 

202  KAMAN  NUCLEAR  COLORADO  SPRINGS  ATTN  SHELTON 

203  LOCKHEED  AIRCRAFT  CORP  PALO  ALTO  CALIF  ATTN  MEVROTT 

204  MARTIN  MARIETTA  CO  JEFFERSON  COUNTY. COL. 

205  MIT. LINCOLN  LABORATORY  ATTN  TECH.LIBRARY 


206  MITRE  CORP  BEDFORD  MASS  ATTN  TECH  LIBRARY 

207  MT.AUBURN  RESEARCH  ASSOC. .INC. 


208  N  AMERICAN  AVIATION' DOWNEY  CALIF 


209  NORTHROP  AIRCRAFT  INC  HAHTNORRI  CAIIP 

210  RCA  OCPCRK  lU*  PROOUCTI  NOORI ITOHR  ATTN  ENGR.  LIB 

211  RCA  OAVIO  lARMOFF  RIB  CINTIR  PtlNCETON  NJ 

212  TNOMPtOR  RANOHtOOLORI06C  CALIF. ITTR  TECH.LIBRARY 

213  RAND  CORP  SANTA  MONICA  CALIF  •hokaht 

216  RATTHEON  CO  MISSILE  6  SPACE  OlV  RCOPORO  NASS 

213  REPUBLIC  AVIATION  HINEOLA  N  V 

216  SPACE  GEN  CORP  EL  MONTV  CALIF 

21T  SPCE  tech  lab  LOS  ANGfUES  CALIf 

210  STANFORD  RESEARCH  INSTt.ATTN  T1<H.LIBR. 

21*  STANFORD  RESEARCH  IN%r..AITN  CO)«RMICATIONS 

220  TECH  OPER. INC  MURIINGTON  MASS  «>TN  RICHARDS 

221  UNIV  OF  MICHIGAN  ANN  ARBOR  M|CP  ATTN  BAMIRAC  LIBR  / 

222  VITRO  CORP  OF  AMERICA  WEST  ORARIE  N  J  /  ’ 

223  WESTINGHOUSE  RESEARCH  LAB  PITTIIURGH  PA  ,  / 

226  WESTINGHOUU  ELEC.CORP.  HASH.ATIN.PRYTUlV  / 

225  central  radio  PROPAGATION  LAB.Ntf  BOULOElf  ATTN  UTLA 


/ 

ATOMIC  EHCRGT  COMMIUION  ACTIVI'  IIS  j 

226-228  AEC  WASHINGTON  TECH  LIBRARY 
229-230  LOS  ALAMOS  SCIENTIFIC  LAB 
231-235  SANDIA  CORPORATION 
236-245  LAWRENCE  RADIATION  LAB  LIVERNORf 
246-24*  NEVADA  OPERATIONS  OFFICE.LAS  VICAS 
250  DTIE  OAK  RIDGE .MASTER 
251-280  DTIE  OAK  RIDGE  SURPLUS 
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UNCLASSIFIED 


AD0350109 


Defense  Special  Weapons  Agency 
6801  Telegraph  Road 
Alexandria,  Virginia  22310-3398 


JUN  I  (  1997 


OPSSI 

MEMORANDUM  FOR  DISTRIBUTION 

SUBJECT:  Declassification  Review  of  Operation  DOMINIC 
Test  Reports 


The  following  14  reports  concerning  the  atmospheric  nuclear 
tests  conducted  during  Operation  DOMINIC  in  1962  have  been 
declassified  and  cleared  for  open  publication/public  release: 

POR-2011,  POR-2016,  POR-2017-1,  POR-2018 (Vol . 3) , 

POR-2018 (Vol.4) ,  POR-2022,  POR-2030 (Vol . 2 ) ,  POR-2031, 

POR-2032 (Vol.  7),  POR-2035 (Vol.2) ,  POR-2035 (Vol . 3 ) , 
POR-2036(Vol.4) ,  POR-2042,  andPOR-2052. 

An  additional  28  reports  from  DOMINIC  have  been  re-issued 
with  deletions  and  are  identified  with  an  "EX"  after  the  report 
number.  These  reissued  versions  are  unclassified  and  approved 
for  open  publication.  They  are: 

POR-2000,,  POR-2001,  POR-2003  thru  POR-2005,  POR-2007, 
POR-2012,  POR-2013,  POR-2015 (Vol . 1&2)  ,  POR-2017,  POR-2025, 
POR-2026,  POR-2028 (Vol.3) ,  POR-2032 (Vol . 1) ,  POR-2033, 

POR-2036 (Vol.2) ,  POR-2036(Vol.3) ,  POR-2037 (Vol . 1 ) ,  POR-2038, 
POR-2040,  POR-2041,  POR-2043,  POR-2046,  POR-2051,  POR-2053, 
POR-2059,  and  POR-2060. 

This  notice  may  be  cited  as  the  authority  to  declassify 
copies  of  any  of  the  reports  listed  in  the  first  paragraph  above. 


